154

Qemier Ens- [d3ss [ 20010450 [ Due 5115061 ™6 ) ¢ 3

CHAIN-OF-CUSTODY RECORD

PHASE NO. _9) [1a(>~

r YR: 20| Sample Depth , Sl B
DATE Station | TotalNo. | S| 5| & f./g"“ / /
Sample No. Matrix | MM/DD | Time | From | To Location | Containers | (- ",P— Al
R&spigl | SE lea/eg (=950 | & [V VT Wg
Rgsbadl [Se |on/og [0959 i VANA A VA 14
Bess| Bl | S0 [oxeg [loo2 | YANAYRY/ '}Q:}_j
DDSDAG| [Se  0ajog []3ob N A PAYRY, 143
cURSDIb| [ se oafgoa AEGY ) A v ‘lf{ i 144
CHBSNO®) |SE  [oajof [[444 I 7/ VA A A 100
CHRSDNI®| [Sg  Ioa)os [IS0§ ! &/ 7 &'\/ L P +101
ChRsDAg| |SE  [osJo® |]535 2V I {175
CHRSD 5% <& oi‘jos T 154 ’ \xj j \f/ ;/, f:j 5*)’%;
CHBRSDbb| [SE 0308 ||l ! VA7 G
DDSD [ 6] [ SE Josfor | [6 AN VA V7 44 Jye
BGSSHE| [S0 lealog BBES L vl Ty l 4 loY
SAMPLE COLLECTION:
PROJECT NO. AND NAME: A erniXtome), Poper - Wicoins Ms  SB-0008 $533 00
LOCATION OF SAMPLE: ! el
TEAM LEADER: __ ®pu\ Novlpar TELEPHONE: (325 ) 35 | ~|R P>
COMPANY NAME: (RS °
ADDRESS: ~N® 2. OWERNL CRNE BRoevy RovGge LR 30806
WITNESS: - COMPANY NAME: '
FIELD INFORMATION:
TYPES OF SAMPLES: LIQUID (Ll) FISH SLUDGE (SL) SOIL (SQ) - . —
(MATRIX) WIPE (WI) OTHER (SPECIFY) __ STtraded ~ 1.0 .
FIELD NOTES:
TRANSPORTER: AIRBILL/INVOICE:
DESTINATION:
YAMPLE TRANSFER: (Original must be retained with sample at all times)
N RELINQUISHED BY DATE/TIME RECEIVED BY DATE/TIME
S U ! ( W%w_,/ 2/%0, (00
COMPANY: = ’
| A (%‘Tzf%@a -
NAME: . 2 . K\
z ot Qo | 12487, | o ia Mo, P
COMPANY: = = % H (o / M /é/ ?Efrfaf
Cpomsoa 3/ [ ~ | 07 ax

=RMINATION OF CHAIN-OF-CUSTODY:

ITHORIZED BY: DATE: TIME:

L

1\ IY NAME:

MFLe DISPOSITION:  STORAGE DISPOSAL OTHER

"ORMS\CHAIN{)F-CUSTODY.DOC
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Deaver G- lsss/ o0t 095t [ o slislel ™ 3t 2

CHAIN-OF-CUSTODY RECORD PHASENO. 24 142/
YR:M” Sample Depth g <3
- DATE station | TotalNo. | O F| S| 5| ¥ , l
Sample No. Matrix MM/DD | Time | From | To Location | Containers | |~ \- = EL% _

DDSD 3P| 'Se  [aJoq [o9(3 I 74 VA V4 > 2 VIR 3
5P S0 48| [Se  [oa]o9 [09I5 o VIV ™ 197
DDSDSE [ | Se [oales [©93% | VIV VIV 4 1oV
RasSS30) | SO [oaJog [SQaap ! VIV V1V 1 161
DDSDEF] | SE [oajoq [I00D ] VAV VARV 1109
DDSDF@ (| Se |oaloq [102F I VA VAR VA % T 104
BasSs4@| [SO |oxfoq[]0398 l VIV v v 4110
DDSD%@| |se [oaleq | 1O5S . L VWV [V |/ 1
DdsDQd | Se lsal'od [Nlog 1 VY VY [ 4y
S D RBG\ LT Jox]es [1320 5 = | 150
BgsSssef| | SO eafqy [135F 1 VIVIVI/ 1112
DOSaII @] SE [oxfo7[140F t VIVIVIV | 31ty
SAMPLE COLLECTION:

PROJECT NO. AND NAME: ___ L P—\wJi 3g v M\ S 2500009537.00

LOCATION OF SAMPLE:

TEAM LEADER: __ ¥ou Roxpay TELEPHONE: (228 ) T 2118 %2

COMPANY NAME:

ADDRESS:

WITNESS: COMPANY NAME:

1IELD INFORMATION:

e Yl re sy Guely QL 4

FIELD NOTES:
TRANSPORTER: AIRBILL/INVOICE:
DESTINATION:

AMPLE TRANSFER: (Original must be retained with sample at all times)

RELINQUISHED BY - DATE//TIME RECEIVED BY DATE/TIME
NAME: T, \ - 09fe) ) Zfg/s !
! Qi Q“”\\"W\ \ a!{X(Jo (/ { May— //,0‘3
& 3 -
Lo O bR o | S el T
NAME: . ! > el _ L TS
Copstonnsic U\‘é\; fa)< /-/ @M/////m J’L (5 /?)/{*g
COMPANY: 7 e
‘RMINATI -OF- : :
ATION OF CHAIN-OF-CUSTODY 5 ) C
THORIZED BY: DATE: TIME:
MI 7’ NAME:

MPL= DISPOSITION: STORAGE DISPOSAL OTHER

DRMS\CHAIN-OF-CUSTODY.DOC



'-'ORMS\CHAIN-OF-CUSTO Dy.DOC

@ated €W (48D 1 F00ImL | A 9 #/0l ™0 3 03
CHAIN-OF-CUSTODY RECORD PHASE NO.
| . YRO[ | Sample Depth | { Jl 3 A
) DATE Staion | TotalNo. | S| | F| Y| ¢ J
\saple No. Matrix | MMDD | Time | From | To Location | Containers | 11| 2] & Ui
SH18 2l | SE oalo9 [[ 31 1 NACAMAY nNTCS
eg| | SE oxng |1 433 | d I Y/ 1 1
DOSB 1 [SE [o0slo5 ] 44 \l :} {/ {/ 3, ’ Il\'?
DoSB Il [SE  [9205 |1444 i K v ) i all
DDSDAO| Ise  [axleq [ 1515 % IV V[V -0 -rzzzz(
2555bdl [So [enfoq [153¢ N VAN \} o - Hélb
PospwnGl [SE [e)1o9 (1600 y YW Tl 1
DDSDUB| | SE [ oyl 09 2 DB NI ol 11
Rgsstel [ 30 [yl [Than \ WANANANA 4 13
DDSHAF|]| SE 03] [\ bso N VINANAYE 4199
DDSDVAE @ | s€  [eallog [lbce ] i‘/ VAR “/,. e
DD SDISPL [ S [ od]o3] 1300 | v |V - Ti7¢
SDRBeS ~ LT oxqb9 1 FHo 5 N 1l
SAMPLE COLLECTION: '
PROJECT NO. AND NAME: __ 3902009 S 32,800 IP‘Wigg‘ms M
LOCATION OF SAMPLE: 2 !
TEAMLEADER: __ ¥aolla r per TELEPHONE: ( 215 ) F51~R}2
TOMPANY NAME: __ UL s
ADDRESS:
WITNESS: COMPANY NAME:
“IELD INFORMATION:
TYPES OF SAMPLES: FISH SLUDGE (SL)
(MATRIX) WIPE (Wi) OTHER (SPECIFY)
FIELD NOTES: z
TRANSPORTER: AIRBILL/INVOICE:
DESTINATION:
JAMPLE TRANSFER;: (Original must be retained with sample at all times)
| o RELINQUISHED BY DATE/TIME i RECEIVEDR'BY DATE/TIME
NAME: R . = 02{o9%/} ) ,
- B \"“"RQ'WLW \&l)\/\ | 3{, oclv - L Z/c//?‘a//p)/
COMPANY: . : N
ViLs (bt L. ’/,f’,’s;é.;m I ), Q\%}Q},\}”‘“
NAME: : ‘ o 2 0
: C Ot~ 1%°%< [/ ). F I e
COMPANY: e = =
-
ERMINATION OF CHAIN-OF-CUSTODY:
. 30 c
JTHORIZED BY: DATE; TIME:
OV Y NAME:
M.~ DISPOSITION: STORAGE DISPOSAL OTHER



Pvmio« Loy JU3<S [ 20016435/ D D(14/01 @
CHAIN-OF-CUSTODY RECORD

3

YRGOM Sample Depth | J J et > —‘J’\ Q

!-7 D% Station | Total No. g o L:—E% § bé = J e

Sample No. Matrix | MMDD | Time | From | To Location | Containers | N ~|%& | =
ExSD0G | S0 [oaloa [ [BHD S - 1% 87
Cx300% | 90 [63/0a | [B5p K |33
CxsS008 |5 Joxpa | 16D 5 Pl 134
EX S009 oo o202 [ 1619 5 T % jpa
EX SDO& ,4)3 /’V\a"‘{@a’ }5}3' 5 \l L'- 3lﬂ
EXSO 10 5‘3 O?’fDO\ 10 5 w1 | ‘57
EXS004 | Do [62(0a]T5)19 5 1]y IEY
EXS003 | Do |82[o]][445 = Ty 5@

Se) 90 |0 A0 15 5 14 |
SF2. Se oA 1620 é v |7/ %;h‘/ Rl?
g )| QoM W 1= _:§_
N T 1PBe

U OV !
AP
SAMPLE COLLECTION: A

PROJECT NC. AND NAME: %5*00@5’3‘5%"3.00 _L? \/\) 105 A D Yifi
LOCATION OF SAMPLE: Lg:)\&s\m Yo N1 >

TEAM LEADER: T TELEPHONE: (Z25 ) 35| - )F F 3
TOMPANY NAME: _ Pre o ¢ i .
ADDRESS: iTSD‘D Po\meu\ ()\chu myn’\ﬂw dbl (ée/vu N ‘A
witness: 1 Llon, Cordasens T company NaMe: () (28 17

FIELD INFORMATION:
TYPES OF SAMPLES: LIQUID (Ll) FISH (Fl) SLUDGE (SL) SOIL (SL)

(MATRIX)
FIELD NOTES:

WIPE (W

)

SEDIMENT (SE)

OTHER (SPECIFY)

TRANSPORTER;:

DESTINATION:

AIRBILL/INVOICE:

SAMPLE TRANSFER: (Original must be retained with sample at all times)

! ﬁ LINQWISHED BY DATE/TIME N RECEIVED BY,, / DATE/TIME
NAME:
o S ? /A oo fo) | Kol Ju A (02229
COMPANY: o
/ ?rfmw‘/ (35 |Gefl 7esD
NAME: ‘ Yol
2 ,
COMPANY:
FERMINATION OF CHAIN-OF-GUSTODY:
\UTHORIZED BY: DATE: TIME;
-0 NY NAME:
AN LE DISPOSITION: STORAGE DISPOSAL OTHER

’:\FORMS\CHAIN-OF-CUSTODY.DOC
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"\FORMSICHAIN-OF-CUSTODY.DOC

CHAIN-OF-CUSTODY RECORD PHASE NG _ 00 102(9
[— YR: 0| Sample Depth | '?5 R 2 J ? f}
- DATE Station | Total No. & \3:;@ \\R
Sample No. Matrix | MM/DD | Time | From | To Location | Containers LS
GP¥s5001 | Su gZ-08 | /305 / _a B v/ /
{epessons | $s ot-09 | /35 / ‘/ < I ‘\/ v -y
GP#6500( [Se  |p1-og | 4355 / VAVANAYEY 110
GPELE2°7 | S0 D108 | /40 / v 1?
GPLLS 20D | S loz-0p | /%30 / V13
| 62 ¢6500F | 5. |pr-0% | /440 / A rAPArar” 111
c‘,«ea‘-m—z"j@z - _
| £P¥¢1Sp0( Lo 8z-09 | pg/o / v Y W S +i¥
&P¢15001 | Lo 02-09 | ¢ gt / /£ 1%
GPY75003 | Lo |or-09 | ofzs / 7 15
Lp 4150094 | So 02-%% | pfzo [ E L / Tl
LPE7300°5 | S0 | p7-09 | oo [ APirdrE" 114
SAMPLE COLLECTION:
PROJECT NO. AND NAME: _25000095°73.9 7. 2. pliqms, M5 RFT
LOCATION OF SAMPLE: __ 7A@RTAG 1 Jrew / « Z
TEAMLEADER: __ v /A prpSy/- TELEPHONE: (225" ) 757-/373
COMPANY NAME: /<
ADDRESS: _ 28 ¢ s lgons
WITNESS: __ 72250 L AvsS COMPANY NAME: __ /A3
FIELD INFORMATION:
TYPES OF SAMPLES: LIQUID (L)) FISH (FI) SLUDGE (SL) SOIL (SO
(MATRIX) WIPE (W) SEDIMENT (SE) ~ OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: AIRBILL/INVOICE:
DESTINATION:
SAMPLE TRANSFER: (Original must be retained with sample at all times)
RELWQUISHED BY DATE/TIME RECEIVED BY, DATE/TIME
NAME: Y .
1 //Méﬂa 02-09-0/ | ik acdtit? z-9-0/
COMPANY: [
Ly 400 Ge ) /35— L
NAME: ’ [gas ¥
z
__l COMPANY:
FTERMINATION OF CHAIN-OF-CUSTODY:
\UTNRIZED BY: DATE: TIME:
3C NY NAME:
SAMPLE DISPOSITION: STORAGE DISPOSAL OTHER




reaier Env. [4BSS [ 30004435 / (Dak 3/1910 0 )

CHAIN-OF-CUSTODY RECORD PHASE NO.&, 905/ )My~
I YR. o| Sample Depth | + > ) \ 2 2_‘ $§S§] )
i DATE Staion | TotalNo. | o = NAN $%

Sample No. Matrix | MM/DD | Time | From | To Location | Containers | > ™ S 2
Jepegsoo | & | 01-09 | o330 / VIV T ] 12
(| ePtEs002 | bo | or-0q | pozy / v 41

le4fs003 | fo | pr-03 | poys / Vv 47
P8 so0f | So | pr-0% | paso J; . v 9
| gty8s008 | So |09 | o5y / VAP VANAZA Y=
. 6—/"}.&’5006 fo 01-v9 /280 ( / o \/ u/ / ~ ) 92
| &LPY9500/ S0 |o1-09 | so28 S IS T P 4

LP49S002| So | pr-0% |sprs / v (D
GELEYL003 | S0 | 6208 |yp3y / v
GPEYISO00Y| So | pz-0d | /g4 /- _ ‘ 2 \/-_(')/
| ePYds0ODS| S5 |p20g | /050 / i rirara-, v | %
GPREOE | L1 [pro4 [(735 s VA Ara v | 4>
SAMPLE COLLECTION:
PROJECT NO. AND NAME: _£.5000095 73.00  Z/~2 A///,—sr/\fs, A AEZ
LOCATION OF SAMPLE: __ 2607 E~r poniy Z
TEAMLEADER: __ //FZ4n ¢ CpprSr d TELEPHONE: (22" ) 75/-/#732
COMPANY NAME: £72.5
ADDRESS: _Z &2 IOnzpr Lg o
WITNESS: __Gaue AP COMPANY NAME: __ /2 ¢
FIELD INFORMATION:
TYPES OF SAMPLES: LIQUID (Ll) FISH (FI) SLUDGE (SL)@
(MATRIX) WIPE (WI) SEDIMENT (SE)  OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: AIRBILL/INVOICE:
DESTINATION:
SAMPLE TRANSFER: (Original must be retained with sample at all times)
RELINQUISHED BY DATE/TIME RECEIVED BY, DATE/TIME
NAME: '
1 /%/é’%lﬂ\_’ LZ-09-0( /@JM&/MW 2"?"57/
COMPANY:
el | peo | Gedy 76z~ |
NAME: | 335 M
2 [
COMPANY:

TERMINATION OF CHAIN-OF-CUSTODY:

AUTHORIZED BY: DATE: TIME:

=d ANY NAME:

SAMPLE DISPOSITION: STORAGE DISPOSAL OTHER

V:\FORMS\CHAIN-OF-CUSTODY‘DOC
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=

a -

CHAIN-OF-CUSTODY RECORD P$IASE NO. ‘943/ 000
P YR:_ o1 T Sample Depth | < S g? § US ? T
DATE sation | TotaiNo. | S| SIS§ U SEY ug
Sample No. Matrix MM/DD Time | From | To Location | Containers W\ TW § T

|gPsosnol | So | 02-0q | s32¢ 5 3 [ 1] 49
ePapsnol | So o169 | /3% & 2 M ¢ v 194
[raisonl | 5o lo2-09 | (345 T [T 1Ry
|&holscor | So |0s-0% | /257 CINEY T 130
GOS0l | 5o |01-09 | sl 5 3¢l 13
CA52J0R \Fo |02-09 | fye 5 |27 /[~ %94
P53 Lo | S0 |pr-09 | /430 / Sl il b 4]
1653500 | S¢ |p2-09 | /935 / sHERF T 1dn
TP Lt | &1 | or-p4 = 3 3 Jdef

SAMPLE COLLECTION:

PROJECTNO. AND NAME: _25 20099573 . 00 £.£ Aferyes SFZ

LOCATION OF SAMPLE: __szws/ o S0 05T

TELEPHONE: (22 5~ ) 75/ ' F73

TEAM LEADER: __ 77528~/ e §
TOMPANY NAME: /2. §

Z822 opeme Gos  Zimar Jovic &4 7%/ 7

ADDRESS:
WITNESS: o ez COMPANY NAME: _£/2- ¢
FIELD INFORMATION:
TYPES OF SAMPLES: LIQUID (L) FISH (Fl) SLUDGE (SL) SOIL (Sb)
(MATRIX) WIPE (Wi) SEDIMENT (SE)  OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: __Acl). L. . AIRBILL/INVOICE:
DESTINATION: z L ook & g,
SAMPLE TRANSFER; (Original must be retained with sample at all times)
'_ RELINQUISHED BY DATE/TIME JRECEIVED BY /, DATE/TIME
NAME: 9
1. ol Yy ot | BLINT 521
COMPANY: < ) _ ,
| £y 40D Gel AE3E s
NAME: : ! [ §25
2
COMPANY:
TERMINATION OF CHAIN-OF-CUSTODY:
\UTHORIZED BY: DATE: TIME:
300 NY NAME:
AMiLE DISPOSITION: STORAGE DISPOSAL OTHER

':\FORMS\CHAJN-OF-CUSTODY.DOC



I SR , y T NS ey
() \ Z -
CHAIN-OF-CUSTODY RECORD FHASE NO. § t/CqGLl >
[
YR o1 Sample Depth | < g‘{ § JR }-J 3
DATE station | TotalNo. | S SIS & S § S 3L
aple No. Matrix | MM/DD | Time | From | To Location | Containers MW X i & g‘f
40505001 So | 0208 | 7225 5 301 / k) Sl 9%"
<P&p a0’ Lo lor-09 | /3% s 2! s ;;&L'jd
sps1Son( | 5o lo2-09 | /3¢5 g 1> EZESE oy
p5lsoor | So |ot-0% | /25T = sK ; 130
#8 Spol( So |02-0% | shss 3 3 |1 o 131
$£P$25000 | o [02-09 | foo s 13|/ [ |+ F194
P53l | So  |pr-0% | /436 / 17 17 » 141
LPs3spot | So lo2-09 | /435 / LLL L] v 147
TS Dot | &1 | or-p4 -~ 3 3 dd
yAMPLE COLLECTION:
PROJECTNO. ANDNAME: _ 3500099573 . 00 = f Llaryss AEZ
LOCATION OF SAMPLE: _s2vm/ /4 -+ B artetys uo 5679057 .
TEAM LEADER: __ 77555870/ e $ TELEPHONE: (22§ ) 75/ /%73
‘COMPANY NAME: _/ 7. } -
ADDRESS: _Z822 opiewt Gems  drpr~ Jovhe L. 7%l 7
WITNESS: _/ave. 4longpes COMPANY NAME: __ /&
IE.  NFORMATION:
TYPES OF SAMPLES: LIQUID (LI) FISH(Fl) SLUDGE (SL) SOIL (S0)
(MATRIX) WIPE (W) SEDIMENT (SE)  OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: __~c). A~ %. AIRBILL/INVOICE;
DESTINATION: £ S L,
AMPLE TRANSFER: (Original must be retained with sample at all times)
RELINQUISHED BY DATE/TIME RECEIVED BY /‘/ DATE/TIME
NAME: T ‘ m ~
/%@—- 020000 | B Mo WA YT 7-5-0/
COMPANY: . = A :
&yt s /40D e — 23T sl
NAME: ' d | 755
COMPANY: J
:RMINATION OF CHAIN-OF-CUSTODY:
THORIZED BY: DATE: TIME:
MPANY NAME:
MF  JISPOSITION: STORAGE DISPOSAL OTHER

ORMS\CHAIN-OF-CUSTODY.DOC

CORRECTED



Jemeer Ens. Mass (900l odeg | Dt YA 8k

N
CHAIN-OF-CUSTODY RECORD TRAGENO. 2010244~
[— , YR: 2501 Sample Depth | = ﬁgf_" § & ] g
DATE - Saton | Toao |5\ &8 23] S |2
Sample No. Matrix | MM/DD | Time | From | To Location | Containers O [F 3> i
oP2Aseol | % [hafey [ia40 ) & G2l
GP2A5e02 | S0 |pyle% (1245 1 L uey
(| GPYO SO | So | pofpt 1260 ( [ VIVEATT —lov
t GPYoSCOT | S0 [opfed (260 T 2 I A J%
(P RBOY i oot [1220 2 HENFE 155
GPYISO0] | So | o3foF 1315 / i Be)
GP41 00T | Se | pafo? 1225 | 5 23|
1 GPY2S00) | Se | malo? 1455 / 143>
GPYa S0 S lS’,)-!D:I' 1509 ) Rie B E ke g _cf’j
GPYASO3 | 5o | oo (w155 I L [ 153
CP42500% | co |oa]c 1520 / il (34
GP435005] So | 0ot [15%0 r FEELTE T Jdlo

SAMPLE COLLECTION:

PROJECT NO. AND NAME: 99 -6000953 3, 60 e W\gfjmj RFI

LOCATION OF SAMPLE: _{Awepnes , (NS
TEAM LEADER: _Yowl Hecper TELEPHONE: (325 ) 35\ -\{¥3

COMPANY NAME: (AR S & -
ADDRESS: _282-2 O 'Neal Uone Rotion [Kovee (A FOET 6
WITNESS: ooy Cronens COMPANY NAME: (AR.S

FIELD INFORMATION:

TYPES OF SAMPLES: LIQUID (LI) FISH (FI) SLUDGE (SL) SOIL (SL)

(MATRIX) WIPE (WI) SEDIMENT (SE)  OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: AIRBILL/INVOICE:
DESTINATION:

SAMPLE TRANSFER: (Original must be retained with sample at all times)

RELINQUISHED BY DATE/TIME RECEIVED BY DATE/TIME
o VZ/@Y\ & Jflosco 1130
e e N L/,
| g Hmsssg o Tk [ ] DL | & ot
COMPANY: J i @ GH{-/

TERMINATION OF CHAIN-OF-CUSTODY:

AUT 'ORIZED BY: DATE: TIME:
2C ANY NAME:
AMPLE DISPOSITION: STORAGE DISPOSAL OTHER

F:\FDRMS\CHAIN-OF-CUSTODY.DOC



P(&W@r EM,/‘/3€€/'}00/MM’/ Dz 2//[//6/ 53

\SAD

CHAIN-OF-CUSTODY RECORD PHASE rg 20 6w~

[7 : YRQ_@_‘ Sample Depth | g < |<x cg }"’ 3—’

DATE Station Total No. e | Sl e

Sample No. Matrix | MM/DD | Time | From | To Location | Containers | Y| =| £| B[ T
[EP135c0) [ S [ opfezr (1610 TR VANIVAVANA 190
GP43S00T | Do | pfa [1bod ! , /S
Y ZPY43SE03 | So el [ W39 / ﬂ‘/ T T+ T® 191
GPY3SoY | So [pefoF | 1,50 K v 30
GP43S00% | Sp [opfoF [ 1155 1 /450
Tlp [bnofe. | £Lo¢ 02/0‘3 — o —‘53(
JOGP¥S00l [ So | aaind |O8S% 5 _ToaBET 7 7 I= 49
GP44500C 120 | o[k [,A05 t Z]
GPEYS03 | Sp  |oa/od 6935 | V1PA
(AP41500¢ [Se [0t |35 . oD
NGP4Y5005 | $o 02{0f |[H94D ! “ v N 147
GPRBOS | . [eno} [OAY5 5 1 2 154

SAMPLE COLLECTION: |
PROJECT NO. AND NAME: __ 95 “0000ASY3.00 T W aGras K F’I

LOCATION OF SAMPLE: __\Uowpn oy, (NS

TEAM LEADER: Yol Nocper TELEPHONE: (285 ) }5]-1§ 73

COMPANY NAME: (YRS i

ADDRESS: 2892 5 'Neal Cone  (BcFon Kwee LK 30516

WITNESS: LTI a. Crovens COMPANY NAME: UWRJ

FIELD INFORMATION:

TYPES OF SAMPLES: LIQUID (LI) FISH (FI) SLUDGE (SL) SOIL (SL)

(MATRIX) WIPE (WI) SEDIMENT (SE)  OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: Fed e X AIRBILL/INVOICE:
DESTINATION: ot oot A r\mhuj%-w .
SAMPLE TRANSFER: (Original must be retained with sample at all times)

ZR;@QUISHED,BY " DATE/TIME RECEIVED BY DATE/TIME
NAME:
1 NNN\E- 2[5! & 1130

COMPANY: (‘/)‘-’2 5

COMPANY:

- 2 £ 7,
2| e el Gl sl BT (e L
G

TERMINATION OF CHAIN-OF-CUSTODY:

AUTH'IRIZED BY: DATE: TIME:

-0 WNY NAME:

SAMPLE DISPOSITION: STORAGE DISPOSAL OTHER

LM/

I:\FORMS\CHAIN-OF-CUSTODY<DOC
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VAFORMSICHAIN-OF-CUSTODY.DOC

CHAIN-OF-CUSTODY RECORD PHASE
= YR:&2! Sample Depth | i g\: A
DATE Station | TotalNo. | & | S E 2 i
Sample No. Matrix | MM/DD | Time | From | To Location | Containers | \—| = | A i -
([GP455001 | Se  [p]6f [ (015 PR EAMITEN T
{GPE5550T | Se [ plef | 1040 L [ VR 14
[GP42 9003 | S- [pa[6f [1025 f 1
cPe55009 | Se [02]bf [ || t ALY
GP455005 | So [ oofod [ 1105 1 143
/|GPY5200kL] So | ox/oF |10 : Ty
SAMPLE COLLECTION:
PROJECT NO. AND NAME: 3 D ~600095%F3, o0 iP quﬁrn‘ ({FJ
LOCATION OF SAMPLE: u&)mqms ™MJS
TEAM LEADER: __ Pou) Hecper TELEPHONE: (215 35| 4 ¥7F3
COMPANY NAME: 1 @.5
ADDRESS: 2812 O'Nea? Cona Sodan Rovee. LA O30
WITNESS: ol R eer  CoreaAN COMPANY NAVE: (R J
FIELD INFORMATION:
TYPES OF SAMPLES: LIQUID (LI) FISH (FI) SLUDGE (SL) SOIL (SL)
(MATRIX) WIPE (W1) SEDIMENT (SE)  OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: AIRBILL/INVOICE:
DESTINATION:
SAMPLE TRANSFER: (Original must be retained with sample at all times)
F_uzééeﬁ?sr-igm BY DATE/TIME RECEIVED BY DATE/TIME
NAME: L—
1 Z%Q/{ LTzl iz
COMPANY: 2 5 i
e /ﬁ [/J g (';F/é f
NAME:
: ldB #9% psessd] 8Ll | / /W&JJ 3C%
COMPANY:
([r K
TERMINATION OF CHAIN-OF-CUSmY:
AUTHORIZED BY: DATE: TIME:
>C ANY NAME:
SAMPLE DISPOSITION: STORAGE DISPOSAL OTHER



‘e, M € Qﬂv-/<[6c§“§/3001 0913 [ Owe 3/ 1308
~ CHAIN-OF-CUSTODY RECORD

PHASE NO. 2610962

Hdro 4 lom

YR:o/_ [ Sample Depth | % %F é J %
DATE Station | Total No. 2.3
Sample No. Matrix | MM/IDD | Time | From | To Location | Containers [XWA | = |2 1SS
| ePzoscoy So 02-0é [Z«D o (5 | &P-z0 & “f Pt +d |
| gP20500r | So |oe-ob | 245 | £ |45 | 6P 20 / i/ Yy
LPZLISOs ! So  lor-06 | 295 | p (S | &P-24 e 7 L : i
¥|GP2rs00v | So |gz-8¢ | 305 | & | 4] P20 / A e BV e Js
GPRLLSOs| So |o1-06 |35 | o | 45 | £pz2 / ol dip
LfitSoor | So loz-0b] 320 | 5 4.5 |tz / ¥ 49
£P235001 | S0 | o106 | (335 , | /& |&rzs { 0 _ 4
kKl 6P Z235002] S0 |02-0C| 3¢5 | & | 45 4l25 | ] [ |
6/024'.500( ft? 02 ~o& | /oy o /5 | £L1¢ / -/ <D
GP242002| S0 |oz-vé | /90 | & | 4.5 &P- 24 / *d wE
CL25Co0l | So | pz-06| /420 | p |45 | epze| 7 / 59
6P255002 | So  lo2-06 | /¥2:| 5 | 45 | aPos / v 53
SAMPLE COLLECTION:
PROJECTNO. ANDNAME: _25250095 73,00 7.2 btseyws A5 AFL
LOCATION OF SAMPLE: __ 7Z&nrateeyT 7 / o 2 i
TEAM LEADER: (oL farl5 TELEPHONE: (225 ) 757 /X773
COMPANY NAME: _ ¢J/Z §
ADDRESS: _Z P2z  pilegz Cag B.-R. 44 703k
WITNESS: _T{AEa!  CrAvEn < COMPANY NAME: AR
FIELD INFORMATION:
TYPES OF SAMPLES: LIQUID (LI) FISH (Fl) SLUDGE (SL) so
(MATRIX) WIPE (WI) SEDIMENT (SE)  OTHER (SPEGIFY)
FIELD NOTES:
TRANSPORTER: _ [-&p. & AIRBILL/INVOICE:
DESTINATION: Lot gty Z.gAac
SAMPLE TRANSFER: (Original must be retained with sample at all times)
RELINQUISHED BY DATE/TIME RECEIVED BY DATE/TIME

1 e ,A;Z/%ﬂf-— 0Z2-07-0(

COMPANY: /
B LTS Yzp - - e
N AT S LRI AR i

TERMINATION OF CHAIN-OF-CUSTODY:

AUTHORIZED BY: DATE; TIME:
C 'ANY NAME:
SAMPLE DISPOSITION: STORAGE DISPOSAL OTHER

W:\FORMS\CHAIN-OF~CUSTODY.DOC d C’




emiec €nv. /46%‘3’/9*0@/5@7\3 / [Dul ;}//3/4;,{

CHAIN-OF-CUSTODY RECORD

D
T
T
>
%)
m
=2
o
E
{

[ _ YR o4 Sample Depth | _ 3 3 S <§- § ]
DATE Station Total No. | \R VRS o
SampleNo. | Matrix | MMIDD | Time | From | To | |ocation | Containers | R &
&PLes0 of So oz-0d | /Y35 o (5 | gP-24 [ [ -l 74
k| gr26s00z | S0 4206 | se90 | 5 | &5 lap e [ )| oL
&l 21500) | S» 9z-0b | /450 o /5 | &P-21 4 ) b
&P275002 | So  |02-06 [y5p0 | & | bs | prm / | _ <
b P 225001 S0 |02-06 ys05 | o | /¢ |apzp i i n T o
GPLEspor| So | 0106 | /50 | & |45 | cpap / / <4
6PLF5003 | So |oz-0b |05 | & |45 |ipes s .| LoD
&PZ950s( | 5e oer-06 | /518 | p |, | zh724 / ¥ 7
&P 295001 | So | 0206 [ (530 | & |45 &2 24 / F wy
CP Zonsool | So 02-06 /590 | & £S5 | &P-30 / . o)
6£305002| 5o |py-ot (/550 & | b5 |cp-2o { -/ ! W
GPHAROS | L1 |s2-0f |/6/5] —] - l&mzs 5 27| /%2 |pey ]
‘5@%0‘\ )
)
SAMPLE COLLECTION:
PROJECTNO.ANDNAME: _ZS5 o000 25 7300 L F Ldpédsss A4 FFZ
LOCATION OF SAMPLE: _ 7267/ iiy™ NEH /4., 2
TEAM LEADER: _ A c_Zlal pS) TELEPHONE: (225 ) 747 —[& 7.5
COMPANY NAME: /2 %
ADDRESS: __Z9Z2 pLJ ¥ J 4% B.Jj. L4  JOPTL
WITNESS: __ 77 =75 /¢ COMPANY NAME: oS24
FIELD INFORMATION:
TYPES OF SAMPLES: LIQUID (L) FISH (FI) SLUDGE (SL)
(MATRIX) WIPE (W) SEDIMENT (SE)  OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: __ ey, &AL AIRBILL/INVOICE:
DESTINATION: o Cobder 5
A TRANSFER: (Criginal must be retained with sample at all times)
RELINQUISHED BY DATE/TIME RECEIVED BY DATE/TIME
NAME: .
1 @ %ﬂ/‘ 52-0T-6(
COMPANY: ” < / _
L. //%:;3 B ) £ v’
NAME: _| 2/5le 2 d
: it glsysssin | e |/, IO P80
COMPANY: é‘wc/
TERMINATION OF CHAIN-OF-CUSTODY:
AU ORIZED BY: DATE: TIME:
C.ANY NAME:
SAMPLE DISPOSITION: STORAGE DISPOSAL OTHER

N:\FORMS\CHAIN-DF-CUSTODY.DOC



comiac End- 455 dopl sy [ Dut 213l

CHAIN-OF-CUSTODY RECORD

PHASE NO. 20/ /24§ ~

s YR: o(_ Sample Depth | MK 3
DATE Station | Total No. ST e
Sample No. Matrix | MM/DD | Time | From | To Location | Containers "l |R &Q‘T‘
GP3150 41 S0 lpz-01 |02¢0| 0 |/5 | £P-3) / / u &»
Klepzisoor | Lo |4s2-017 | pPse| s | 65 | cp-3I / ] A (el
6L32520!( fo  |pr-01 | pyeo o | L5 | P32 b4 / 1 [7A|
k| gp32s08r | Sv | 92-61 | 090 | < 65 |6P-32 / L Forlar o] of (]
&P33500( So _|pt-0] | 0920 & £S5 | zh-3% / f/ - fﬁ
< EFP335002 | Sp | p1-01 | 9930 | & |65 P33 / I R e I )
EP34500) | 50 | ov-01 (o | p | /5 | o34 /)| L 7
el P 395002 | So o2-01 | 09457 | 5 | 65 | P-34 / el Ll A 2
| £ 355000 | SO | 01-91 | pgisy| p | .5 |&p-2s / W, 19
6P355002 | So | 0r-01 | fpos | & | 45 | ezo35 | f ) 4
GP36508l | 50 | preoq | soo | © | 45 | a2-3L | 7 ¥ D
060263021 50 | o [o2s | 5 | 45 | ap-36] 7 | [ ) T
SAMPLE COLLECTION:
PROJECT NO. ANDNAME: __Z5 90002573 00 Z . Al btyus A, LKFET
LOCATION OF SAMPLE: _ 7 A&ttt Gerr EH 7 Aig 2
TEAM LEADER: __ ot flaplon TELEPHONE: ( 225 ) 75 /=/& )2
COMPANY NAME: _(//2 %
ADDRESS: _Z4722 opeat Lave 2 2 La T059/K
WITNESS: _Tr=2 (wve  CrRASTNS COMPANY NAME: L4
FIELD INFORMATION:
TYPES OF SAMPLES: LIQUID (LI) FISH (FI) SLUDGE (SL) @
(MATRIX) WIPE (W) SEDIMENT (SE)  OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: _ fF&w. L4 AIRBILL/INVOICE:
DESTINATION: Goos o<y L7 4
SAMPLE TRANSFER: (Original must be retained with sample at all times)
RELINQUISHED BY DATE/TIME RECEIVED BY DATE/TIME
NAME:
1 %7—94/ B2-g7-0(
COMPANY:
ﬂ/ﬁf /13D .

NAME:

2 ' | kdEL 45l (3497555

; (
43 ?l%ﬁf

/LW,&LL

J

7 /a f
09

COMPANY:

i

(reac

TERMINATION OF CHAIN-OF-CUSTODY:

AUTORIZED BY:

DATE:

S0 ANY NAME:

TIME:

SAMPLE DISPOSITION: STORAGE

V:\FORMS\CHAIN-OF-CUSTODY.DOC
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Yemior Exv. [4355 [ 90610777 [ Dt ol13(s(
CHAIN-OF-CUSTODY RECORD

| Afyoroletrton

[ , YR:6( SarnpleDepth_[ _ %% Y ?ﬂ
DATE Station | TotalNo. RN | = & I
Sample No. Matrix | MM/DD | Time | From | To Location | Containers =< | O K &8
GP31500 | S5 lpz-01 |05 | o | /5 | ep.37 / / T
£P375002 | 5> o171 |yp30 | & | g5 | gr37 [ 1 a0
¢f375003 |so jovem) /o35 | o [ (5 [ Gp3r | [ [ i
GL33500/ |So |pzon | 045 | s |46 | cpp] ) '/ 1))
‘| eP3PS00L | S R2-01 | (55| & | (S| ap-z3 | W R v N I al
| w
RIEDIS 1L bl [ 230 w5 Lol | FP Io{ 4§
7 Vi
SAMPLE COLLECTION:
PROJECT NO.AND NAME: _35 200055 73. b 772 A/&L—/M 4 /ZP-Z/
LOCATION OF SAMPLE: _ TACMT oA Ftd /oo 7
TEAM LEADER: __ /v A aisdr TELEPHONE: (225 ) 75 /- /£73
COMPANY NAME: /27 S
ADDRESS: _Z £22 D NEwt  Lgus BE. g 70572
WITNESS: __ 777 im0 ChAve s COMPANY NAME: /R
FIELD INFORMATION:
TYPES OF SAMPLES: LIQUID (LI) FISH (FI) SLUDGE (SL)
(MATRIX) WIPE (WI) SEDIMENT (SE)  OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: AIRBILL/INVOICE:
DESTINATION:
SAMPLE T ER: (Original must be retained with sample at all times)
L RELINQUISHED BY DATE/TIME RECEIVED BY DATE/TIME
NAME:
1 /ﬁ///,%%ﬁ —
COMPANY:
y£$ /;S/D( 2 e 777 [
- NAME: ' >/ /0 ]
: fed €4 919155903 S 2 [/ Jﬂ,?%Ja ) o4
COMPANY: M/

TERMINATION OF CHAIN-OF-CUSTODY:

\UTH'IRIZED BY: DATE: TIME:

>C_ \NY NAME:

SAMPLE DISPOSITION: STORAGE DISPOSAL OTHER

Yol

r:\F-'DFU\-FS\('JHAIM-OF-CL.FSTODY.DC)C



Dre miec €M 35T [ 2000879 [ Dwt

238!

PHASE NO. 2010909~

CHAIN-OF-CUSTODY RECORD

YR\ Sample Depth | -0k
DATE Station | Total No. é = §
Sample No. Matrix | MM/DD | Time | From | To Location | Containers | == | 3=
EYSOLL | So 0z 1429 | = | = |1 S i/ ls 95
X 3022 | S o1/06 [1435 | —| = I3 A IV L7
SAMPLE COLLECTION:
PROJECTNO. ANDNAME: __£ P W igg)1s Tw P Plany - RPFT
LOCATION OF SAMPLE: ___SW MV 7 ¢
TEAM LEADER: Coul  Hwper TELEPHONE: ( )
COMPANY NAME: _ URS
ADDRESS:
WITNESS: _ [ Ryt o- COMPANY NAME: P inig-
FIELD INFORMATION:
TYPES OF SAMPLES: LIQUID (Ll) FISH (FI) SLUDGE (SL) SOIL (SL)
(MATRIX) WIPE (WI) SEDIMENT (SE)  OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: AIRBILL/INVOICE:
DESTINATION:
SAMPLE TRANSFER: (Original must be retained with sample at all times)
REL,NE}UISHED BY DATE/TIME RECEIVED BY DATE/TIME
NAME: /
1 Ve V/"//M D2-p7 -0l
COMPANY: .
Prim ¢ < 52;/@{{ = ~ 2/;7//3/
NAME: . . 28 (6 / &é/ ‘
: tol e 9 pss g 20005 st U s
COMPANY: ? ~ = t '
TERMIL\I_ATION OF CHAIN-OF-CUSTODY:
\U™ "9RIZED BY: DATE: TIME:
3¢ ANY NAME:
SAMPLE DISPOSITION: STORAGE DISPOSAL OTHER

/\FORMS\CHAIN-OF-CUSTODY.DOC



* *

Do ee Enu [ 45SS [ 20010813 | et 2/ /5]

Ié
: ”
CHAIN-OF-CUSTODY RECORD S PHASENO. 2010
YR: 2@ Sample Depth | 2 0 -_)
DATE Sation | TotalNo. | &J “‘é% §§ _S Q
Sample No. Matrix | MMDD | Time | From | Te Lecation Conriainers QNT = B 4 7
GP1SeZ1  |Soil |oa/os |I16] 0 1.5 v s
PL 5052 [ [izs][5 (s i V| 2l ] e 149
2 SoZ 1 | i250] © | .5 \ ® 144

6L Soa 2 | 1200] 5 1&.5 | > /q%(}
GP3 508 | | l i8] o |15 { v -
HP3 Se g2 1225] 5 |8 ( - ,ir)
&4 Sosi 1230 © | 1.5 | bt | | el o 25
67t Sop3 1325 5 05 N I 2 I T )
G5 Sos| 5] 0 | 1.5 | % 499
(PS5 SO@2 40515 6.5 | v 145b
6P Segl __lidis]0 [= [ v 1)
ofe sop2 [N/ | 114720] 5 .6 [ ST 2T 357
SAMPLE COLLECTION:

PROJECT NO, AND NaME: _25 0000 4 573.00  T.p. Wissins M5 REZ

LOCATION OF SAMPLE: AT a

TEAM LEADER: ___ Pav] Harpe- TELEPHONE: ()

COMPANY NAME: _ UILS  Cy; ogrm 320
ADDRESS! __L% 2.1:. %-fﬂL Lang
WITNESS: _ [ {Fhin, vens COMPANY NAME: YRS C arpmr Ha

FIELD INFORMATION:

TYPES OF SAMPLES: LIQUID (LI) FISH (FI) SLUDGE (SL) SOIL (sL)

(MATRIX) WIPE (WI) SEDIMENT (SE) OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: AIRBILL/INVOICE:
DESTINATION:
SAMPLE TRANSFER; (Original must be retained with sample at all times)

E | INQUISHED BY DATE/TIME RECEIVED BY DATE/TIME
UAME: (
1 2L-pS- 0| Bl

COMPANY:
S Copparoms| 19D
NAME:
2
COMPANY;
TERMINATION OF CHNN-OE-CUSTODY;
AUTHORIZED BY; DATE: TIME:
IMPANY NAME: —_—

‘MPLE DISPOSITION: STORAGE DISPOSAL OTHER

wonsmmmercamze K UL (00 40 correct f
8?’\6\\1/\0\4[ Lol s CL.H—CL%OS«Q\JP(@ ID's.

£ £G86876 03 'ON Xvd AL SNTORTA 4T W4 /7:71 A0l IN-9 -474




o (ar Eau [ 455> [ 701VsLs | e

ST 0]

Desnbomtfledd 265 |k

<

g |
CHAIN-OF-CUSTODY RECORD 5. PHASE NO. 20103
i _ YR:22) Sample Depth | 3 OQE OT 1

DATE Sution | TotalNe. | & =253 |
SampleNo. | Matrix | MMDD | Time | From | To | Location | Comainess | Q5 |SVE | I v

5ol [Soll loafps [T 0 | 1.5 T v .-"4?
LHPLSOES2 | 1251 5 | 5% i vIiviv] Vo ﬂ-{rﬂ_
P2 SoZ 4. | ins6l o | .5 i v paave
Gl Soe? | 1200 5 |&.5 1 o /U
6¥3 S0 g | | | izi5]l o [ 1.5 { v At
LP3SE B2 / 1225 5 .5 ( 3% B
&y Sosl 1220 & 1.5 | Ao 2 o 159
6P Sop2 1225 © |5 { vivi el vl __:»‘3){
GI5 SO 55| 0 | 1.5 | C 45
LP5 SO 19051 5 5.5 [ 45
GFE Sopl | . lidis] o Tis | A
oF 206z N7 1 Y iv20[ 5 ez L [ Ao T T 3sy

SAMPLE COLLECTION:

PROECT NO. AND NAME:_55 0000 4 573.00  T.p. Wigsins ps RF 7

LOCATION OF SAMPLE: _T'rt 9znunt Artdg la-d 2
TEAM LEADER: ___Pav] Harper TELEPHONE:

)

COMPANY NAME: __URLS  Cyr parm e m

ADDRESS: __ 2R L% ouiedl Lane

WITNESS: _ 11 HN,  Cravens COMPANY NAME: Ups Cﬂr}'}afﬁﬁafu.

FIELD INFORMATION:

TYPES OF SAMPLES: LIQUID (L) FISH (FI) SLUDGE (SL) SOIL (SL)

- . (MATRIX) WIPE (WI) SEDIMENT (SE) OTHER (SPECIFY)
FIELD NOTES:

TRANSPORTER: AIRBILL/INVOICE:
DESTINATION:

SAMPLE TRANSFER: (Original must be retained with sample at all timas)

_BELINQUISH_EDBY DATE/TIME RECEIVED BY DATE/TIME
NAME:
1 %_ m/( 1-pS-n|(
COMPANY:
e s (dﬁ#afﬂnﬂ (FD2
H . loi Ups S e 2/e/o
2 Fed X#5(2998555tia Javi | oo b hoL
COMPANY; L2 =
. (2]
TERMINATION OF CHAIN-OF-CUSTODY: L/’ C—
AUTHORIZED B: DATE: TIME:
COMPANY NAME:
{ LE DISPOSITION: STORAGE DISPGSAL OTHER

W:\FORMS\wmoF.cusTouY.DQC % %U\F'Q.LQ (L,OC\/ m (\/Orre C"k/ 6 j |
@ﬂ‘éy nal Lo s afﬁd’\gg\dp(&ciﬁbgégp

£ FGARAZA ING  'ON YV4 dil SNIDDIA dI

id L2:27 anl 10-9 -434



Dre fiee cag. (s | vvolosts [ Our o(4/sl

)

i S
CHAIN-OF-CUSTODY RECORD g PHASENG. __ 00100
B YR:200) Sample Depth | ?-(B:é H\‘f 0 é“,_% L) ] I
DATE Station | TotalNo. S § %3 &2 0
Sample No. Matrix | WMMDD ﬁ% From '_f°5_ Location | Containers ﬁ % ~ et <7
| GP7 Seax|  |Soie | pa/os % & |+ | o .
4 |GP7Sce? 1450 5 |5 ; VAl LA A s
[ &P1S0a? H40] 6.5]g , 7 «5&.
| GE? oz | 500 0115 j -8 i
s | (GPF Sed2 5101 5 Ti.s | =3 i d 8 T ,3
ACESd 5516 [}.5 T % e
b So&2 1528 5 | (.5 L v “W
% | GPlbsoZ | 1525 o 141.5 | viv |V i : 4
#{ GPIo Sogr2 BY5[ B b6 i PN, N U
Pl Sop ] 555 0 |15 t 7 *U’f_
| 6P| S0z2 kos | 5 T¢.s | v 11
GCPRBZL _ Warer 1b30] — ] — 5 vy /i
SAMPLE COLLECTION:
PROJECT NO. AND NAME; 350000?573 co IP Wlﬁqlﬂ,f RET
LOCATION OF SAMP [Eamgw Aren_4 ad 2
TEAM LEADER: ) rper TELEPHONE: ( )
COMPANY NAME: _ D R.§ (Jr.faﬁw-m,
ADDRESS: ___ 24832 Oneal’ /ane
WITNESS: _ T LEin' Craven ¢ COMPANY NAME: _WR{ Corfora b4
FIELD INFORMATION:
TYPES OF SAMPLES: LIQUID (LI} FISH (Fl) SLUDGE (5L) SOIL (SL)
(MATRIX) WIPE (W1) SEDIMENT (SE)  OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: AIRBILLINVOICE;
DESTINATION:
SAMPLE TRANSEER; (Original must be retained with sample at afl times)
ﬁNQUISHED BY DATE/TIME RECEIVED BY DATE/TIME
NAME:
1 Dz_v5a(
COMPANY:
A S Co/\-ﬂlmu /20D -
NAME:
2
L COMPANY: B
. 1 _
TERM!NAT!QN OF QHAIN-OF-QUSTODY;
AUTHORIZED BY: DATE: TIME:
~ “MPANY NAME:
APLE DISPOSITION: STORAGE DISPOSAL OTHER
WAF ORMSICHAIN-OF CUSTODY.DOC
7 4 £G868Z6 109 'ON Yv4 ML SNTHATM 4T WA G771 4nl IN-Q -AR4



()(e Miec Enl 435~ | 900l

gLy / (Oul  fa/él

e s Mbm,'H;#l
42521 Igd

AN ¢
. < N
- g ) E)ie -
CHAIN-OF-CUSTODY RECORD & ruaspng. R0
YR: 220 Sample Depth | f_;_cé -£ J g,% L}
DATE Staton | TotalNo. |Zog| 5 3 F‘k FES
Sample No. Matrix | MMDD | Time_| Frem | To | Location | Containers [£8'| S| &3] |~ i< <
[EP7 Scz| %It |pa/ps [t & |+ | L — 1
¢ |GP72Scz2 | | 1450 5 6.5 [ v v ’{@(
GP1Soz2 | | Y401 .51 % i o 1y
s | (s8c| 0 _11.5 i ¥ = i3
& é% $od2 510] 5 |5 ! AL s &’
(,rc 05| 35l 6 1.5 l v “ﬁ,{
Sog2 5251 5 | 5 l v ”_w
x| GPloSoz | 1525l o |1.8 i 2 oy I e L “m
4| GPIo Sogn 1545] 5 |5 1 okl 0 Y i) b g
GPI S0z 555 &_]1.5 J % b[
PlISCgz | 05 |5 &5 1 v , je
GFREBZA _ [Warer 1b30] — [ — 5 v 1/ w
SAMPLE COLLECTION: i
PROJECT NO. AND NAME: 25 0000 987 3.00 LP ngqm_r RET ,
LOCATION OF SAMPLE: _Trea hvmand Aren 4 ad 2.
TEAM LEADER: ayl rper TELEPHONE: { )
COMPANY NAME: _ DR  (avda ra4]onm
ADDRESS:___ 2823 Oneal' [ane :
WITNESS: _ 70 LFind Cravenr COMPANY NAME: URL Corf ora oo
EIELD INFORMATION:
TYPES OF SAMPLES: LiquiD (L) FISH (Fl) SLUDGE (SL) SOIL (SL)
(MATRIX) WIPE (W1) SEDIMENT (SE)  OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: AIRBILL/INVOICE:
DESTINATION:
SAMPLE TRANSEER; (Criginal must be retained with sample at all imes)
RE#NQUISHED BY DATE/TIME RECEIVED BY DATE/TIME
NAME!
1 { Zzﬁ&—’ Dz-n5 0
COMPANY!
E NS Copolpme /90D PO
NAME: . E—— .
2 Fed X 8!3‘376’512‘4.:5' z/b(‘%/oy (T 834 ) GCAC. i{@f}ﬁ«c
1 COMPANY: ¥
L{L@
TERMINATION OF CHAIN-OF-CUSTODY: S
AUTHORIZED BY: DATE: TIME:
COMPANY NAME:
£ LEDISPOSITION: STORAGE DISPOSAL OTHER
W AFORMSICHAIN-OF-CUSTODY.DOC
CORRECTED
7 FGARRZA TNA  'ON YY4 did SNI9AIA 41 W4 92:27 anl 10-9 -434



Hemier Eau. [ds<s [ 200l p9l3 [ Pl 2/ %/¢]

<
23
CHAIN-OF-CUSTODY RECORD 3 X PHASE NO. 204207
YR Of Sample Depth | §? 25 O E\/\ \)
DATE staton | TotalNo. (S Y35 [ T |5
SampleNo. | Matrix | MMDD | Time | From | To | Location | Containers | X W1F3 | S = |F
fl&P/23500] Q0 |pz-p |pBaiv| O |45 |ap,z / /1 v T o v L 9g
NGF/ 2500t | L0 |p2-0b |npyo | 5 4.5 ] 6472 / AN
&P 35001 | SO |oz-0b |pg50 | p |45 | sp/3 J / B0
GP(330a | SD lpe-vb |pg5s | & 4.5 | £po03 / Pt Lo | e 2/
|&epitsool | S0 loz-ot |paps| o | f5 | 4P/ / AT 2y
GPISCo2 [ SO |po-ob |pos| &5 | ps | cp)a / / 32
G-PLSS0O( | SO |p2:0% |p930 | o | /5 | opre | / 3¢
P/ co0T | SO |ow-of 940 | 5 | 65| 62i5 | e o R 3%
GPI550 03 | 50 lo2-06 boys | & [ 4.5 gpi5 | J / Bl
eproSpel | E0 |m2-0bh 0950 | o | 15| £P(6 / T &3
PSSO | S0 lor-0b [jgoe | 5 | 45 | £rr / / 37
<L)/ 7500 | Sp 0z-0 b e | o LS | &P / /4 o
SAMPLE COLLECTION:
PROJECT NO. AND NAME: __ 350000957300 L ti/fstriosus MS  REL
LOCATION OF SAMPLE: _ 7Z.carm Sy Sasn / 20 2
TEAM LEADER: _ Aay ¢ AlAp 0P TELEPHONE: (2257 ) Z5/-/973
COMPANY NAME: _(/R & Coppordsrorr
ADDRESS: 2z ; -
WITNESS: _77F=an s v COMPANY NAME: _ /2 & 2,88 0045) v
FIELD INFORMATION:
TYPES OF SAMPLES: LIQUID (LI) FISH (FI) SLUDGE (SLK” SOIL (S
(MATRIX) WIPE (W1) SEDIMENT (SE) ~ OTHER (SPECIFY)
FIELD NOTES:
TRANSPORTER: _ eV rp el (FPelr52c AIRBILL/INVOICE:
DESTINATION: ___ 60 CE Cots 7" (i 7607 ot 73 pos T Dd 5
AMPLE T FER: (Original must be retained with sample at all times)
l RELINQUISHED BY DATE/TIME RECEIVED BY DATE/TIME

1 NAME %//M 02-0b-pv

COMPANY:
] £ @Afm(ﬂmw //20

oy ) / 4
[ W&k 9157556 oot (D LD H T,

COMPANY:

—

TERMINATION OF CHAIN-OF-CUSTODY:

\UT"'ORIZED BY: DATE: TIME:

it

‘G \NY NAME:

'AMPLE DISPOSITION: STORAGE DISPOSAL OTHER

‘:\FORMS\CHAEN-OF-CUSTODY.DOC




Dremiar €nd- 355 [ 2000033 [ Ot 2/12/61

X B
CHAIN-OF-CUSTODY RECORD 3 3§PHASE NO. 24/424)
i ‘ YR:_ v/ [ Sample Depth | g} gé A J
DATE Station | TotalNo. |N == 3 L S
Sample No. Matrix | MM/IDD | Time | From | To Location | Containers (RS | [ & y
GLI7S00Z | 50 | p2-vd |J030 | 5 | 5.5 | 417 / / 0
k|l GlP 5000 | S0 |pz-2i ljosp | o | 45 | pl/® / aAdrarar —(
klgllgSoor | SO |pe-04 |y | 5 1 4¢ AL / R +U>
G500l | SO 0e0é 1 4ps | o |45 16579 |/ / 443
FA/9s00 | SD |p1-86p | < | £S5 | &P/7 ( / -l
SAMPLE COLLECTION:
PROUECT NO. AND NAME: _25000D 9573.00 L L fMikms N REZ

LOGATION OF SAMPLE: __ 7Z&E 207775t AR 7 arr 2.
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SITE

GP1

GP2

GP3

GP4

GP5

GP6

GP7

GP8

GP9

GP10
GP11
GP12
GP13
GP14
GP15
GP16
GP17
GP18
GP19
GP20
GP21
GP22
GP23
GP24
GP25
GP26
GP27
GP28
GP29
GP30
GP31
GP32
GP33
GP34

NORTHING

424,890.06
424,857.09
424,772.18
424,627.86
424,939.12
424,972.96
425,080.23
425,136.76
425,191.78
425,231.60
425285.43
425225.51
425,255.91
425,267.78
425268.36
425,233.68
425,181.99
425,190.42
425311.69
425,079.56
425,001.50
424,920.34
424,827.16
424,724.02
424,665.43
424,737.17
424,795.70
424,863.32
424,914.27
424,980.65
425,050.46
425,212.03
425,205.37
425,118.56

EASTING

407,263.77
407,241.47
407,322.97
407,389.83
407,168.82
407,203.56
407,134.74
407,140.93
407,126.29
407,193.62
407,490.70
407,435.23
407,427.14
407,394.66
407,355.51
407,531.58
407,562.48
407,523.48
407,426.18
407,513.60
407,551.18
407,603.79
407,651.09
407,700.89
407,643.98
407,607.91
407,580.72
407,548.32
407,524.91

407,498.94 -

407,446.68
407,322.75
407,240.66
407,216.93

ELEVATION

248.56
246.79
248.19
248.47
24528
246.33
244.63
244.77
244.30
245.98
242.24
243.56
242.97
243.48
243.94
242.39
24291
243.03
24241
248.43
248.87
248.74
248.84
248.86
249.01
249.12
248.98
249.29
24931
249.62
249.43
246.79
246.27
24741



SITE

GP35
GP36
GP37
GP38
GP39
GP40
GP41
GP42
GP43
GP44
GP45
GP45
GP47
GP48§
GP49
GP50
GP51
GP52
GP53

BGSS2
BGSS3
BGSS4
BGSSs
BGSS6
BGSS7

DDSD!1
DDSD3
DDSD4
DDSD5S
DDSD6
DDSD7

NORTHING

425,113.68
425,043.78
424,991.95
424,940.53
424,870.32
425,131.05
424,725.73
424,928.33
425,122.58
425,133.76
42524759
425,268.05
425,187.83
424,910.31
424,971.26
423,609.41
423,599.76
423,581.05
424,054.24

425,671.24
425,119.95
424,410.51
423,493.35
423,248.98
424.216.77

425,604.77
425,630.28
425,346.18
425,010.58
425,453.09
424,493.82

EASTING

407,278.66
407,310.63
407,354.33
407,343.98
407,324.50
407,366.12
407,389.32
407,354.17
407,225.26
407,363.26
407,441.58
407,375.89
407,524.50
407,233.05
407,198.54
408,543.79
408,564.37
408,567.59
408,199.02

406,638.46
406,856.90
406,979.47
407,274.14
409,245.19
408,630.24

408,251.20
406,630.10
406,603.11
406,999.88
407,246.02
407,252.45

ELEVATION

247.76
248.54
249.24
249.42
248.76
245.74
247.98
249.32
247.64
245.71
242.58
243,72
243.11
247.67
246.19
245.46
244,98
24541
245.98

231.46
237.98
228.14
219.03
247.16
232.46

199.19
230.52
221.79
237.83
234.40
241.53



SITE NORTHING  EASTING ELEVATION

DDSD8 423,275.16 407,271.58 197.61

DDSD9 423,093.44 409,127.56 236.07

DDSD10 423,703.75 408,778.01 238.54

DDSD11 423,975.13 408,743.20 232.55

DDSDI13 424,004.68 408,591.45 237.40

DDSD14 424,518.28 408,400.29 232.27

DDSD16 424,820.40 408,101.09 237.66

DDSD17 423,440.23 407,739.46 231.15

DDSD18 423,071.72 407,978. 22 227.51

SWMU 17 EXC 423,617.30 408,537.27 244.76

SWMU 18 EXC 423,638.82 408,480.45 245.87

SWMU 19 EXC 423,644.98 408,619.74 242.86 WEST
SWMU 19 EXC 423,646.18 408,635.16 24275 EAST
SWMU 20 EXC 423,098.75 408,696.94 246.71
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SECTIONONE Introduction

1.1 BACKGROUND/CONTEXT

URS Corporation (URS) performed this screening-level ecological risk assessment (SLERA)
in support of a Resource Conservation and Recovery Act (RCRA) Facility Investigation
(RFI) for International Paper's (IP) treated wood products plant in Wiggins, Mississippi. The
focus of the SLERA is Area of Concern (AOC) B, defined in the RFI Work Plan (Exponent
2000) as Church House Branch (CHB), a small stream northeast of the main International
Paper facility. Historic releases of untreated wastewater from a creosote recovery pond and
pentachlorophenol (PCP) treatment fluid are known or presumed to have reached CHB
(Exponent 2000).

1.2 SCOPE/PROCESS

This SLERA generally follows the format and procedures outlined in USEPA (1997), which
are consistent with the generic guidelines provided in USEPA (1998). The SLERA process
entails two "steps," each of which is further subdivided as follows:

L Screening-Level Problem Formulation and Effects Evaluation

. Problem Formulation - Description of the environmental setting;
identification of constituents of interest (COIs); discussion of COI fate
and transport; discussion of mechanisms of ecotoxicity and potential
receptors; identification of complete exposure pathways; and selection
of ecological endpoints. This scoping process culminates in a
conceptual ecological exposure model (CEEM) of existing or potential
adverse effects.

o Effects Evaluation - Selection of ecotoxicological screening values
(ESVs), or "benchmark" bulk-medium concentrations for the COIs and
appropriate receptors ("endpoints").

2. Screening-Level Exposure Estimate and Risk Characterization

o Exposure Estimates - For the screening process, the maximum
reported bulk-medium concentration of each COI is used as, or to
derive, the exposure estimate.

URS VANO2-SLERA-TXT-11-11.00C¢ 1-1



SECTIONONE Introduction

o Risk Characterization - Comparison of exposure estimates to ESVs for
the respective COIs and receptors; discussion of the implications of the
results, including evaluation of uncertainties.

"Risk Characterization" is termed 'Risk Calculation' in USEPA (1997). In that guidance,
results of comparisons of hypothetical exposures to "no-effects" levels are converted to ratios
known as hazard quotients (HQs) and indices (HIs). Creating such ratios invites Interpreting
them as if they reflect a linear relationship between the magnitude of exposure and degree of
response (effect), which is particularly inappropriate when "no-effects" levels are used in the
comparison (i.e., as the denominator). A no-effect-based HQ exceeding unity means simply
that the estimated exposure concentration is greater than the concentration selected as a level
at which no response is expected (ESV). This in turn may be indicative of a potential for a
response, but not necessarily that there will certainly be a response. No-effect levels may or
may not reflect response thresholds. Some are merely 'the highest exposure concentration (or
equivalent dose) that did not elicit an effect,’ while others are statistical estimates or values
extrapolated from observed effects levels by application of 'safety factors. As discussed
further in Subsection 3.2, this SLERA does not "calculate" risks. The SLERA process
established in USEPA (1997) is intended to provide simple, deterministic ("pass/fail") results
supportive of a conclusion that either: (1) the potential for adverse ecological effects is
negligible; or (2) further investigation, usually entailing acquisition of additional information,
is necessary. In the present context, this can be accomplished without the "calculation" of
HQ:s.

URS VANO2-SLERA-TXT-11-11.00C 1-2



SECTIONTWO  Problem Formulation and Ecological Effects Evaluation

21 PROBLEM FORMULATION

Problem formulation is a formal process for developing and evaluating hypotheses about why
adverse ecological effects may occur due to the presence of site-related stressors (USEPA
1998). In this SLERA the 'stressors' are chemical constituents presumed to be residues from
substances released as a result of historic activities in wood-treating and/or waste-
management areas of the main International Paper - Wiggins facility'. The focus at the
screening level is on understanding the ecological resources that could potentially be affected
and recognizing the constituents that might elicit adverse effects.

2.1.1  Environmental Setting

The general environmental setting of the International Paper - Wiggins facility and AOC B is
discussed in Exponent (2000) and in Section 3 of the RFI Report. A pedestrian ecological
reconnaissance of Church House Branch and its riparian areas was performed by URS
biologists in February 2001. Figure 1 is based on March 1996 aerial photography from the
US. Geological Survey (USGS) and downloaded from the TerraServer website
(www.terraserver.com). The area evaluated during the ecological reconnaissance is about 61

acres, consisting essentially of the slopes and “bottom” of the valley of CHB within
International Paper property.

2.1.1.1 Habitats and Vegetative Communities

CHB is a small stream that originates in the southeastern portion of Wiggins and flows
southward about 6 miles to join Red Creek, a major tributary of the Black Creek system of
the Pascagoula River Drainage. According to USGS interpretation of historic aerial
photography, CHB is a perennial ("blue-line") stream throughout most of its length (USGS
1983). However, the uppermost reach extending from about the northern International Paper
property boundary to the stream's origin in Wiggins is intermittent. Despite the unusually dry
weather during the preceding three years, the February 2001 ecological reconnaissance
indicated that the USGS (1983) interpretation of local hydrography remains essentially valid.

' It should be recognized that Church House Branch (AOC B) has been and remains susceptible to a variety of
Physical stresses, mainly (but not entirely) attributable to anthropogenic factors independent of activities at
the International Paper facility.
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SECTIONTWO  Problem Formulation and Ecological Effects Evaluation

That is, virtually all of CHB within and downstream from International Paper property
contains perennial aquatic habitat.

The aquatic habitat within AOC B consists of three semi-isolated beaver ponds, interspersed
with sections of discrete or braided stream channels of varying lengths (Figure 1). Thus there
is a mixture of lentic (sluggish or static) and lotic (flowing-water) water bodies that would be
expected to offer a wider variety of microhabitats within the overall reach than might
otherwise be present near the headwaters of a first-order stream. A relatively flat riparian
terrace extends laterally to varying widths from the CHB channel, generally much narrower
on the west. This "bottomland" appears to have historically supported a more or less
continuous palustrine broad-leaved (hardwood) forest vegetative community along the entire
reach contained within AOC B. The stream would likely have once had a closed canopy
throughout the reach in question, but the combination of selective logging and beaver activity
appears to have created the open areas that are clearly evident in Figure 1. Both the
vegetative community structure observed during the ecological reconnaissance and the 1996
aerial photography suggest that the basic habitat mix described above has been present for at
least a decade. The riparian wetlands are now a mixture of bottomland hardwood forest
(shallow swamp where flooded) and emergent herbaceous communities (marshes), with some
transitional strips of scrub-shrub vegetation.

Adjacent to the riparian zones on either side of CHB are forested slopes, neither of which is
particularly steep except in localized areas near the crest on the western (facility) side. On
the western side, the terrain descends from about 230 feet above NGVD (National Geodetic
Vertical Datum; essentially equivalent to “mean sea level”) in the main facility area to about
190 feet NGVD along the riparian terrace. The slope is widest (hence the least steep) at the
northern end, and gradually narrows (becoming steeper) toward the south. In contrast, the
slope on the northeastern side of the stream is generally more gradual to, and beyond, the
property line. There is a broad swale, or secondary “valley,” entering that of CHB from the
cast around the latitude of the southernmost beaver pond, so that (at the time of the
reconnaissance) a large lobe of the pond spread east-northeastward about halfway between
the CHB channel and the International Paper boundary. Another drainage pathway enters the
CHB valley from near the northeast corner of the property. This conveyance is represented,
within International Paper property, by the remnant of a former tributary that appears to have
been artificially channelized (i.e., straightened). Not far off-site, this stream has been
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SECTIONTWO  Problem Formulation and Ecological Effects Evaluation

dammed to create a farm pond. Two background sediment samples were collected from this
tributary (Figure 1).

Because of the steeper slopes along the western (facility) side of the valley the transition
between the wetland and upland vegetative communities is fairly abrupt. In contrast, a
relatively broad band of seasonally or permanently (at the ponds) flooded or saturated terrain
appears along the eastern side of CHB. Near the northern end of the property is a relatively
pure stand of mature sweet bay, which grades with southward progression into a mixture
including Tupelo gum, wax myrtle, sycamore, and water oak. The understory includes small
wax myrtle, yaupon, gallberry, and small sweet bay. Toward the southern end of the CHB
riparian terrace within International Paper property, there appears to have been substantial
storm damage to the bottomland forest, with a high incidence (up to nearly 100 percent in
some areas) of fallen canopy trees’. This damage may be attributable to two large storms
(Frances and Georges) in autumn of 1997, or a more recent, isolated event. Most of the
downed large trees appear to be within areas inundated by the beaver pond, and are of species
that are intolerant of prolonged flooding and/or soil saturation. In other words, most of these
trees were probably dead or moribund, due to flooding, at the time the storm(s) hit.

Although the upland slopes are entirely forested (except at various SWMUs adjacent to the
main facility processing areas), the topography and apparent localized forest management
practices have produced a remarkable variety of community composition and structure. This
is especially true east of CHB. In general, the slopes along the western side of the valley
bottom are covered by relatively pure stands of younger loblolly pine at the northern end, an
intermediate-age mixed but still heavily loblolly dominated stand in the middle, and a
relatively mature mixed stand (still pine-dominated) to the south. In the latter area and to
some extent in the middle, a few hardwoods (mainly water and cherrybark oaks) and longleaf
pines contribute to the canopy. The understory is comprised mainly of yaupon, red maple,
smaller cherrybark and other oaks, southern magnolia, sweetgum, and American holly.

Along the outer edges of the riparian terrace east of CHB the bottomland/swamp forest
grades into a transitional community with increasing incidence of sweetgum, blackgum
(replacing Tupelo), water oak, and laurel oak. Understory in this transitional zone becomes
thicker, with the addition of small sweet bay, yaupon, and titi. Farther up the slope, pines
(mainly loblolly) tend to be increasingly abundant and eventually dominate the canopy.

? Not evident in 1996 aerial photography (Figure 1).
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SECTIONTWO  Prohlem Formulation and Ecological Effects Evaluation

2.1.1.2 Animal Communities

The foregoing create a relatively “natural,” undisturbed, and secluded corridor separating
higher terrain that is largely developed for industrial, commercial, transportation-related,
silvicultural, agricultural (primarily grazing), and residential uses. Although no biological
sampling was performed during the reconnaissance, the limited observations indicate that the
stream and beaver ponds probably support resident populations of strictly aquatic animals
typical of such habitats in the region. Mosquitofish and a few small sunfish were observed in
shallow, marginal, portions of the ponds. Based on the amount of emergent vegetation,
periphyton, leaf litter, and other detrital material, a moderately diverse and productive benthic
invertebrate community would be expected — especially in the littoral portions of the ponds,
which are extensive since they encompass flooded former riparian areas.

Another objective of the ecological reconnaissance was to evaluate the potential occurrence
of terrestrial and semi-aquatic (e.g., amphibious) vertebrates, or “wildlife,” that might be
exposed to COIs associated with CHB sediments. The upland and wetland habitats described
above would be expected to support a diverse assemblage of resident and transient wildlife.
The presence of various amphibians, reptiles, birds, and mammals was documented via direct
visual observation and/or recognition of “sign” such as tracks, scat, skeletal or other parts
(e.g., feathers), and vocalizations. Amphibians and reptiles recorded included southern
cricket frogs, bullfrogs, box turtles, mud turtles, slider turtles, garter snakes, and southern
black racer. Avian species included wood duck, great blue heron, red-tailed hawk, blue jays,
brown thrasher, loggerhead shrike, crows, red-winged blackbirds, and numerous other
common small forest, woodland, and “edge” dwelling forms (e.g., chickadees, robins,
cardinals, sparrows). Had the reconnaissance been a few weeks later in the year, it is likely
that a number of neotropical migrant songbirds, such as various warblers, would have been
recorded. Mammals recorded in the study area included opossum, armadillos, beavers, gray
squirrel, eastern cottontail (rabbit), raccoons, striped skunk, red fox, coyote, bobcat, and
white-tailed deer.

Online databases and URS regional experience were considered to evaluate the potential
presence of any federally listed endangered, threatened, or candidate (ETC) species. One
listed plant (Louisiana quillwort) and six animals (gopher tortoise, yellow-blotched map
turtle, eastern indigo snake, black pine snake, red-cockaded woodpecker, and Louisiana black
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bear) are known, at least historically, to occur in Stone County. The only ETC species for
which appropriate habitat might be available in the vicinity of the study area are upland forms
with very specific vegetative cover requirements (gopher tortoise, indigo snake, black pine
snake, red-cockaded woodpecker). None of these particular habitats were observed in AQC
B.

2.1.2 Constituents of Interest (COls)
For purposes of the SLERA, constituents of interest (COIs) include:

o All inorganic analytes detected via EPA SW-846 6000/7000 Series methods in
at least one sediment sample from CHB (one metalloid and four metals);

o The hydrocarbon mixture "PHC as Diesel" (the only 'petroleum hydrocarbon'
analyte detected in CHB sediments via EPA Method 8015B);

o All 17 polycyclic aromatic hydrocarbons (PAHs) in the compound list for
EPA SW-846 Method 8270SIM; and

. Pentachlorophenol (PCP; the only chlorinated phenol detected in CHB
sediments via EPA SW-846 Method 8270SIM).

Even though some were not detected, all individual PAH compounds are considered COIs
because effects-based ESVs are available, at least for direct exposures to sediment-dwelling
invertebrates, and it is possible to derive risk-based sediment concentrations to serve as ESVs
for indirect (ingestion-pathway) exposures to wildlife receptors for groups of PAHs. When
concentrations of individual compounds are added together to estimate exposures to groups
of PAHs (i.e., low molecular weight, high molecular weight, total), certain of the non-detect
compounds can be included for conservatism, as discussed in Subsection 3.1.

2.1.3 COl Fate and Transport

Migration (including bioavailability) and persistence of a COI in an aquatic environment is
controlled by: (1) physicochemical properties of the constituent; (2) physicochemical
attributes of the system (i.e., its limnology); and (3) the organisms and biological processes
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within the system. All of these factors alter the ultimate fate of the COIL, including its
"toxicity," and their interaction is highly site-specific.

Other than certain anecdotal and qualitative observations made during the ecological
reconnaissance and sediment sampling, there are no data available on the limnology of CHB.
However, review of limited water-quality data from nearby Red Creek (online records from
USGS Station 02479191 and MGFC 1979) and URS experience in the region in general
suggest that CHB water is likely to be slightly acidic, poorly buffered, and very soft.
Reducing conditions would be expected to prevail in the heavily organic sediments.

2.1.3.1 Inorganics

The fate and transport of the inorganic COls is dominated by speciation or complexation.
Factors such as pH, buffering capacity, hardness, alkalinity, oxidation-reduction (“redox”)
potential (Eh), and availability of ligands are important in determining the main form(s) that a
given inorganic constituent will assume in both the solid and aqueous phases.

2.1.3.1.1  Arsenic (As)

Arsenic is a highly mobile metalloid with a fairly complex cycling regime that includes
abiotic and biological factors (USEPA 1975, 1985; Eisler 1988a; D'Itri 1990; Lindsay and
Sanders 1990). In many respects, the behavior of arsenic in natural aquatic systems is similar
to that of phosphorus. Four oxidation states are stable in solution, given the prevailing pH
and Eh: As™, As™, As, and As”. Speciation in natural waters also depends heavily on
organic content, suspended solids, and dissolved oxygen levels. In acrobic waters, arsenic is
generally encountered as a relatively unstable acid species (e.g., H3AsOy); under mildly
reducing conditions, more stable species (e.g., HiAsO;) tend to predominate. Arsenic can
form complexes with sulfides under low-pH conditions. Volatilization of arsenic generally
only occurs as arsine (AsHs), which can form in highly reduced environments. The latter is

generally not believed to be a significant fate process under most environmental conditions
(USEPA 1979, 1985).

Sorption of arsenic to clays, aluminum hydroxide, and organic material has a major role in
the fate and transport in most aquatic systems (USEPA 1979; D'Itri 1990). Adsorption to
sediments is most important in aerobic, acidic freshwaters and less so in reducing, alkaline,
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and saline waters. Arsenates tend to be more strongly adsorbed onto lake sediments than
other forms of arsenic, due to the interaction of anionic arsenates and hydrous iron oxides.
Apparently, arsenic is incorporated info sediments at the time of hydrous oxide formation,
rather than by adsorption onto existing surfaces (Aggett and Roberts 1986).

The bioavailability (hence toxicity) of arsenic varies substantially with the chemical form.
Availability appears to conform to the following order, from highest to lowest: arsines >
inorganic arsenites (As™) > organic trivalent compounds (arsenoxides) > inorganic arsenates
(As™) > organic pentavalent compounds > arsonium compounds > elemental arsenic (Eisler
1988a). Although readily absorbed directly via the same active transport system normally
used for phosphate, or indirectly via ingestion, arsenicals also tend to be rapidly excreted, so
they do not tend to bioaccumulate or biomagnify (Lindsay and Sanders 1990).

2.1.3.1.2 Chromium (Cr)

It is widely recognized that nearly all of the chromium in sediments tends to be in the
trivalent form (Cr") (McComish and Ong 1988). Chromium can exist in variable oxidation
states from Cr' to Cr', although the highly oxidized forms are environmentally unstable.
The behavior of chromium in sediments is primarily governed by pH and Eh. Under acidic
conditions (pH<5, redox of 500 mV), Cr™ predominates; at slightly acidic conditions (pH 5
to 7, redox of 500 mV), most chromium occurs as Cr(OH)’; and under more alkaline
conditions (pH >7, redox 500 mV), CrO,” predominates. Thus, under circumneutral or
slightly acidic conditions (as would be expected in CHB sediments), most chromium exists
as an insoluble salt. Chromium will adsorb to clay particles, depending upon pH, and will
also form organic complexes. Under normal sediment conditions, the ready conversion of
B 4o relatively insoluble Cr* results in low bioavailability to plants and animals
(McComish and Ong 1988; Kabata-Pendias and Pendias 1992).

2.1.3.1.3 Copper (Cu)

Copper in natural sediments is relatively immobile; the most common mobile form is Cu™2,
Copper complexes effectively with both organic (humic and fulvic acids) and inorganic
ligands, as well as forming stable bonds with metal oxides (McComish and Ong 1988). The
solubilities of these forms, aside from the insoluble metallic oxides, are pH dependent. All
soil/sediment minerals are capable of adsorbing copper from solution, the magnitude of
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which is dependent upon the surface charge carried by the sorbents. Minerals with the
greatest affinity for copper include iron and manganese oxides, iron and aluminum
hydroxides, and some clays. Microbial fixation of copper is a key process in its ecological
cycling in soils and sediments; the degree is variable and affected by copper concentration,
various matrix properties, and temperature. Where sulfides are abundant, as would be
expected in the sediments (and/or flooded riparian soils) of AOC B, the bioavailability of
divalent metals such as copper is probably very limited (Ankley ez al. 1996).

21.31.4 Lead (Pb)

Lead in natural sediments is predominantly associated with sulfates, clay minerals,
manganese oxides, iron and aluminum hydroxides, and ofganic matter (D’Itri 1990). Lead is
considered the least mobile of the heavy metals in solid matrices (McComish and Ong 1988;
D’Itri 1990; Kabata-Pendias and Pendias 1992). It is most often found in the divalent form
Pb*?, in soils/sediments and interstitial (“pore”) water. Where sulfides are abundant, as
would be expected in the sediments (and/or flooded riparian soils) of AOC B, the
bioavailability of divalent metals such as lead is probably very limited (Ankley et al. 1996).

2.1.3.1.5 Nickel (Ni)

Nickel tends to complex with both inorganic and organic ligands in aquatic systems. Over
most of the pH range, Ni** and NiSO, are the predominant species (McComish and Ong
1988). Nickel is considered one of the more mobile of the heavy metals (Fuller 1977). The
sorptive behavior of nickel in soils and sediments is poorly studied, but iron and manganese
oxides, clay minerals, and (to a lesser extent) organic matter are thought to be important
sorbents (McComish and Ong 1988). Nickel adsorption on iron and manganese oxides is
pH-dependent, probably because NiOH" is preferentially sorbed and the surface charge on
sorbents is affected by pH (Rai ef al. 1984). Complexing legands such as SO, and organic
acids reduce sorption. Remobilization of nickel from solid phases also appears possible in
the presence of fulvic and humic acids. Hence, sorption may be a moderately effective
stabilizing mechanism in natural, unpolluted systems, but may be minimal where
complexation is important (e.g., organically rich, acidic, systems) (USEPA 1979). Thus,
among the inorganic COIs, nickel may be the most likely to be bioavailable.
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It should be noted, however, that nickel was not detected in background sediment samples;
was detected only once in CHB sediments; and was seldom detected in the drainage ditch
sediments (RFI Report Table 9). Moreover, where detected, nickel was at concentrations
consistently lower (usually by an order of magnitude) than levels generally considered
“elevated” relative to natural conditions (e.g., > 20 mg/kg; Beyer 1990; Irwin et al. 1997).

2.1.3.2 Petroleum Hydrocarbons

The only ‘petroleum hydrocarbons’ detected in CHB and background sediments was a
complex mixture reported as “PHC as Diesel.” Inasmuch as diesel fuel was the carrier in
treatment fluids known to have been historically released, it is reasonable to conclude that
this reported COI represents (in essence) residues of a weathered diesel mixture. Normal,
branched, and cyclic alkanes (also known as paraffins) are the most abundant compounds
found in diesel fuel (estimated 65 to 85 percent) (Irwin ef al. 1997; Gustafson et al. 1997,
Potter and Simmons 1998; Weisman 1998). Polycyclic aromatic hydrocarbons (PAHs) are
relatively minor constituents of diesel mixtures, but those found in CHB sediments may have
also come, in large part, from the diesel fuel releases (see below).

When a diesel fuel mixture is released to soil or water, its lighter (and relatively more
soluble/toxic) constituents tend to volatilize and/or biodegrade fairly rapidly, while the
heavier components (e.g., carbon number >10) readily partition to organic matter in soil or
sediment (Irwin et al. 1997; Gustafson et al. 1997). Accordingly, for purposes of evaluating
potential fate and toxicity, it is assumed that the residues reported as "PHC as Diesel" are
essentially equivalent to the C;o-C,s alkanes/cycloalkanes fraction discussed by Shephard and
McCarty (1997) and Shephard and Webb (1998).

Since the known releases of untreated wastewater and treatment fluids were all more than a
decade ago (Exponent 2000), the bulk of the hydrocarbon residues reported as "PHC as
Diesel" in AOC B are likely to be strongly sorbed to sediments. The principal routes of
exposure to ecological receptors would be to infaunal benthic invertebrates via direct contact
with sediment pore water and ingestion of sediment/detrital particles. The tendency for
bioconcentration and bioaccumulation would vary among the constituent compounds and
receptor groups, but generally would not be expected (particularly at this late stage in the
weathering cycle) to be significant. Biomagnification of petroleum hydrocarbons in general
through trophic levels has not been observed (Irwin ez al. 1997).
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21.3.3 Polycyclic Aromatic Hydrocarbons (PAHs)

PAH compounds are composed of carbon and hydrogen in the form of two or more benzene
rings in linear, angular, or cluster arrangements which may have various substituted groups
attached to one or more rings (Neff 1985; Eisler 1987). There are thousands of such
compounds, but those of ecotoxicological concern are the "mobile" forms with molecular
weights ranging from about 128 to 300. There are about 16 to 18 better-known compounds
that are typically included, among semi-volatile organic compounds (SVOCs), in
reports from analyses performed under SW-846 Methods 8270 or 8310. Within this broad
group, a distinction is made in this SLERA between low molecular weight PAHs (LPAHs;
L.e.,, <200) and high molecular weight PAHs (HPAHs; i.e., >200). The former are
unsubstituted compounds with 2 to 3 rings (e.g., naphthalene, fluorene, phenanthrene), while
the latter contain 4 to 7 rings and are commonly substituted (e.g., benzo(a)pyrene,
benzo(b)fluoranthene, chrysene).

The main reason for the distinction is that PAHs of different molecular weights vary
substantially in their environmental behavior (especially aqueous solubility) and toxicity
(USEPA 1980; Neff 1985; Hellou 1996). For example, the LPAHs generally have aqueous
solubilities in the high pg/L to mg/L range, and octanol-water partitioning coefficients (Kos)
well below 5, whereas the HPAHs have solubilities in the sub-pg/L to low pg/L range and
Kows generally above 5. Elevated bulk-sediment PAH concentrations, primarily HPAHs,
were reported in four of the six CHB samples.

PAHs in general can undergo photolysis, oxidation, and biodegradation (USEPA 1980;
Eisler 1987; Lyman 1995), with rates tending to decrease with increasing molecular weight
and complexity. Photooxidation may be the most significant transformation process affecting
bioavailability of PAHs (Holst and Giesy 1989; Duxbury et al. 1997; Huang et al. 1997).
Therefore, light penetration, particularly in the littoral zone, may be a significant factor in
CHB. The most significant biodegradation occurs aerobically with acclimated microbial
populations (Lyman 1995); the highly ringed HPAHs are generally more resistant to
biodegradation than the LPAHs.

Despite their relatively high K,ys and lipophilicity, PAHs show little tendency to biomagnify
in food chains (Neff 1985; Eisler 1987; Spacie et al. 1995). They are readily absorbed, either
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directly (to the extent dissolved in water) or via ingestion, but then tend to be rapidly
metabolized by most organisms. Notable exceptions are bivalve mollusks, which tend to
accumulate relatively high levels of PAHs via ingestion of suspended and detrital particles
and are unable to metabolize and excrete them -- due to inefficient or missing mixed-function
oxidase (MFO) enzyme systems (Sirota and Uthe 1981; Lawrence and Weber 1984; Hellou
1996).

Based on the foregoing, it is expected that the most significant PAH exposures to aquatic
organisms in CHB involve individuals that are, or tend to be, in intimate physical contact
with the sediments where the highest concentrations exist. Since bivalve mollusks (e.g.,
clams) are unlikely to be a major component of the benthic invertebrate community, if even
present at all’, exposures of PAHs to aquatically dependent tetrapod vertebrates ("wildlife")
are unlikely to be significant.

2.1.3.4 Chlorinated Phenols

The only chlorinated phenol or metabolite detected in CHB and drainage ditch sediments was
pentachlorophenol (PCP). This compound is a major wood-preservative used at the facility
throughout its history, and several inadvertent releases to CHB are mentioned in Exponent
(2000). Photolysis rapidly breaks down PCP in surface water and, after a period of microbial
acclimation (up to several weeks), biodegradation usually becomes a significant fate process
(USEPA 1979). However, PCP also has a strong affinity for sorption to soils and sediments,
particularly at lower pHs and with increased organic content. PCP has a relatively low
aqueous solubility (14 mg/L at 20° C; Verscheuren 1982) and volatility.

Ecological receptors generally absorb PCP rapidly, but will also rapidly excrete it. Therefore,
even though the Koy is relatively high (slightly >5), the potential for bioconcentration and
bioaccumulation is only moderate and biomagnification has not been observed (USEPA
1999a).

Although substantial evidence was observed, during the ecological reconnaissance of wading birds and
raccoons feeding in littoral areas, no "relic” shells of bivalves were noted. Typically, where clams and/or
mussels are abundant, they are heavily used by such wildlife and localized concentrations of discarded shells
are conspicuous.
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2.1.4 Ecotoxicity and Potential Receptors

2.1.4.1 Modes of Toxic Action

In classical toxicology, the terms mechanism of toxicity or mode of toxic action relate to
specific target tissues/organs or processes within a receptor that are pathologically affected by
the presence of a ‘poison.” In ecological risk assessment (and especially SLERA) the terms
are typically equated with general outcomes, such as "impaired reproduction,” rather than the
exact biochemical or physiological mechanism by which reproduction is impaired. The
understanding of how a COI might affect organisms, and the relative sensitivities of various
organisms, can narrow the focus of the overall risk assessment by contributing to the
development of assessment endpoints (Subsection 2.1.6).

Since any substance can, at some level of exposure, be “toxic,” all of the COIs considered in
this SLERA could be expected (theoretically) to elicit sublethal or chronic effects on
individual organisms at exposure levels well below those that would overtly kill the
organisms. Except in situations where legally protected species may be exposed (which is
not the case in AOC B; see Subsection 2.1.1), ecological risk assessment is concerned with
effects on higher levels of biological organization, such as populations, communities, or
ecosystems (Suter 1993; USEPA 1997, 1998). Therefore, the focus is on effects which: (1)
occur at the lowest exposure levels; and (2) are relevant to population dynamics. For
example, growth may be reduced at relatively higher exposure levels than those associated
with impaired reproduction and the latter is deemed more significant from an ecological
perspective.  Responses considered relevant to population dynamics include mortality
(reduced survival), impaired reproduction, developmental effects, and reduced growth, in that
order of diminishing relative significance.

Carcinogenicity, although a major concern in human health risk assessment, is generally not
considered a relevant endpoint for ecological risk assessment. This is because it is difficult to
relate the significance of tumors (many of which would not necessarily have adverse
physiological effects) in individual animals to population dynamics or higher levels of
organization. When legally protected (e.g., ETC) species may be exposed, carcinogenicity
could become relevant.
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What follows is a short summary of what is known regarding the modes of toxicity of the
COlIs and their most significant chronic effects, insofar as discernible. An attempt is made to
consider the most significant chronic effects in the context of the toxicological mechanism
whenever possible. That is, if the mechanism is an estrogenic effect, the most significant
response is expected to be related to reproduction (e.g., fertility, fetotoxicity), or if the
mechanism is an interference with adenosine triphosphate (ATP) the expected response
would be related to growth and/or development. This can only be done for those chemicals
for which the level of understanding of the toxic mode and target tissues/organs is high. For
some COls, there is only rudimentary knowledge or conflicting theories. In virtually all cases
where there is a high level of understanding, the toxicants are best understood/characterized
in mammalian models, and the relationship to other ecological receptors is poorly (if at all)
defined.

The information is compiled from toxicological excerpts from the online Hazardous
Substance Database (HSDB); Assessment Tools for Evaluation of Risk Database (ASTER);
available ATSDR Toxicological Profiles; U.S. Fish and Wildlife Service Contaminant
Hazard Reviews (i.e., the "Eisler documents"); USEPA (1999a); and several basic texts on
environmental toxicology (e.g., Dallinger and Rainbow 1993; Cockerham and Shane 1994,
Rand 1995).

2.1.41.1 Arsenic

Arsenic is a cytotoxin whose mechanism of action involves the replacement of phosphate by
arsenate, the usual form of arsenic found in biological tissues, and in ATP synthesis resulting
in the inhibition of most cellular functions and enzyme systems (USEPA 1985; Eisler 1988a).
There are teratogenic effects due to arsenic, which include fetotoxicity as well as embryonic
malformations. Arsenic, however, is also necessary at certain levels to the physiology of
most organisms (i.e., is an essential "micronutrient").

Growth in sensitive freshwater algae may be adversely affected by aqueous concentrations of
As™ <50 ng/L (Vocke et al. 1980), but generally algae are not affected by any form of
arsenic at levels <75 ug/L (USEPA 1985). Vascular plants appear to be resistant to
waterborne As at levels <2 mg/L (USEPA 1985; Eisler 1988a). The most sensitive chronic
endpoints in plants relate to growth or survival.
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Aquatic invertebrates and fish are generally resistant to water-column concentrations of all
forms of arsenic in the high pg/L or even low mg/L ranges (USEPA 1985). However, some
chronic effects have been reported for As™ at concentrations in the low pg/L (<100) range
(Spehar et al. 1980). Survival and development of narrow-mouthed toad eggs and tadpoles
was reportedly affected by 40 pg/L sodium arsenite, although the effective concentration for
development in a salamander was >4 mg/L (Birge 1978). Impairment of reproduction and
growth in selected benthic invertebrates has been associated with bulk-sediment
concentrations >13 mg/kg (Eisler 1988a).

Based on information summarized in Eisler (1988a) and Sample ef al. (19906), it appears that
dietary exposures of As™ compounds greater than about 30 mg/kg and 5 mg/kg, respectively,
will affect reproduction or survival in birds and mammals. Since arsenic does not
particularly bioaccumulate (Linday and Sanders 1990), it appears that aquatic media
associated with CHB would not pose a significant threat via ingestion to birds and mammals.

2.1.41.2 Chromium

Chromium is an essential micronutrient for glucose, lipid, and protein metabolism in animals
(but not plants). Toxicity due to chromium exposure is related to its oxidative state and
membrane permeability; the hexavalent form (Cr'®) is the most toxic. Acute toxicity is
characterized by oxidation of tissue. Chronic toxicity may be related to non-specific
protein/enzyme binding or perhaps oxidative stress within cells (Eisler 1986; Irwin et al.
1997).

In plants, chromium appears to interfere with the transport and metabolism of essential
minerals, especially cadmium, potassium, manganese, boron, and copper (Efroymson ef al.
1997). Reduced growth in vascular plants has been reported at bulk-medium concentrations
of Cr*® in the range of 2 to 10 mg/kg; however, the threshold for the more common Cr* is
substantially higher.

In aquatic animals, chromium's non-specific binding and potential cellular oxidative stress
results in non-specific toxicology. Based on review of available data rather than a specific
toxicology, reproduction appears to be the most significant chronic endpoint. Effects of "total
chromium" on sensitive benthic invertebrates are generally manifested at sediment
concentrations >40 mg/kg.
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In terrestrial and semi-aquatic (air-breathing) vertebrates, chromium appears to be mainly a
contact poison by actively attacking respiratory tissues (Eisler 1986). Oral exposure appears
to be relatively innocuous, especially in mammals. BEven in birds, which appear to be much
more sensitive, effects are only elicited at dietary concentrations in the range of 50 mg/kg
(Sample er al. 1996). Reproductive, growth, and/or developmental endpoints are poorly
established; therefore the most significant chronic endpoint is considered to be survival.

21.41.3 Copper

Copper is an essential micronutrient for protein formulation, including hemoglobin
formation, carbohydrate metabolism, and catecholamine biosynthesis in animals. The
mechanism(s) for toxicity due to over-exposure to copper is unclear, but it is believed to be
related to cellular oxidative stress via cellular membrane hypoxia and/or an accumulation in
hepatocytes leading to degeneration of mitochondria and necrosis.

Copper is significantly phytotoxic, and is a common active ingredient in algicides. It is
postulated that copper causes a toxic imbalance by interfering with other metal-mediated
enzymatic reactions within plant cells (Efroymson et al. 1997a). The most significant
chronic endpoints are related to survival (algae) and survival and growth (vascular plants). In
terrestrial and hydrophytic vascular plants, copper plays a significant role in photosynthesis,
respiration, carbohydrate distribution, nitrogen reduction and fixation, protein metabolism,
and cell wall metabolism. The level of copper in soils and sediments reported by several
authors to be phytotoxic is in the high tens of mg/kg (e.g., generally around 100).

Aquatic animals in general are very sensitive to copper; the toxicity is believed to be
dominated by the relationship between gill tissue damage (contact irritation) and
hematological effects on osmoregulation. Specific sublethal, chronic, endpoints have not
been fully established for most groups of aquatic animals. Review of the data suggests that
survival is the most significant chronic endpoint. The toxicity of copper in the water column
is hardness dependent. Effects of copper on sensitive benthic invertebrates are generally
manifested at sediment concentrations >30 mg/kg.

In terrestrial and semi-aquatic vertebrates, copper is: (1) a contact irritant within the gastro-
intestinal tract; and (2) a potential inducer of cellular oxidative stress. No specific
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developmental or reproductive effects have been conclusively identified; thus, the most
significant chronic endpoint is considered to be survival. Mammals appear to be slightly
more sensitive to dietary exposures than birds; survival tends to be reduced at dietary
concentrations of about 100 mg/kg for mammals and >500 mg/kg for birds (Sample et al,
1996).

21414 Lead

Lead in its inorganic form is known for its inhibition of hemoglobin synthesis and resultant
anemia, which has been correlated with lead-associated alpha-aminolevulinic  acid
dehydrogenase (ALAD) inhibition. Neurotoxicity and kidney dysfunction due to lead
poisoning are also well documented, but are generally associated with overt/acute exposures
(ingestion of lead pellets by birds) (Eisler 1988b; Irwin et al. 1997).

Plants in general are resistant to lead; the most significant chronic endpoint is growth. Lead
in vascular plants has no known physiological function (although lead appears to be a natural
constituent in the tissues). Phytotoxic effects of lead are elicited in soils and sediments at
bulk-medium concentrations from about 50 to 5,000 mg/kg. It appears that the sediment pH
and form of lead added have a significant influence on the toxicity observed.

In aquatic animals, acute lead exposure affects invertebrates much more readily than fish.
This is believed to be associated with the differences in liver enzyme function (i.e., metal-
binding proteins). Crustaceans are at most risk due to interference with metal mobilization
processes during molting events. The aqueous toxicity is hardness-dependent. Effects of lead
on sensitive benthic invertebrates are generally manifested at sediment concentrations >35
mg/kg.

Among terrestrial and semi-aquatic vertebrates, birds tend to be relatively sensitive to lead
poisoning, while mammals appear to be slightly less sensitive (ignoring ingestion of lead
pellets by waterfowl). Neurological, behavioral, and metabolic effects (often manifested as
reduced growth) appear to be the most significant chronic effects in birds. The most
significant chronic effects in mammals appear to be related to fertility (reproduction) and
development. Effects tend to be elicited at dietary concentrations > about 50 mg/kg and >
about 500 mg/kg in birds and mammals, respectively (Eisler 1988b).
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21415 Nickel

Although nickel (in certain forms) can elicit adverse effects on growth of plants, as well as
reproductive and developmental effects in animals, the mechanisms of toxicity are poorly
understood (Efroymson ez al. 1997a; Eisler 1998b). As noted in Subsection 2.1.3.1.5, nickel
was detected only once in CHB sediments. Moreover, the level reported was at least an order
of magnitude lower than that believed to pose a hazard to sensitive benthic invertebrates
(McDonald ef al. 1999), and several orders of magnitude below levels reported to be toxic to
vascular plants (Efroymson et al. 1997a) or wildlife receptors (Sample et al. 1996).

21.4.1.6 "PHC as Diesel"

Alkanes elicit their toxic effects via narcosis (i.e., anaethesia), a non-specific, reversible,
disruption of neural activity. This in turn can lead to indirect adverse results such as reduced
respiratory rates, behavioral changes that can retard feeding (hence affect growth) and ability
to escape predation, and other physiological changes. Two theories about the precise
mechanism(s) of narcosis are discussed in the following subsection on PAHs.

It has been demonstrated that, in most aquatic organisms, the lethal body burden of narcotics
is constant within a narrow range of tissue concentrations (2-8 millimoles/kg), with chronic
toxicity thresholds at about 10% of the lethal body burden (Shephard and Webb 1998). The
toxicity of narcotic mixtures is additive, so the composition of the mixture does not drive the
response. Instead, toxicity is observed when the sum of the molar concentrations of
individual mixture components exceeds a critical body residue, set at 0.24 mmol/kg for
alkanes (Shephard and McCarty 1997, Shephard and Webb 1998).

The foregoing relationship has been used in conjunction with the equilibrium partitioning
(EqP) procedure to develop a sediment ESV expressed in terms of organic carbon (see
Subsection 2.2). Toxicity of the "PHC as Diesel" residues via direct contact to aquatic or
hydrophytic vascular plants, or via ingestion to wildlife would depend on the relative
proportions of constituent compounds and is therefore difficult to predict with the
information available (Irwin et al. 1997). Oiling of vegetation, if of sufficient magnitude and
duration, may have had some minimal effects soon after the releases, but the effects of the
current weathered mixture are unlikely to be significant. Although substantial literature is
available on the effects of ingestion of various crude oils (primarily in fresh state) by birds
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and mammals, comparable information does not appear to be available for diesel mixtures
(Irwin et al. 1997). As a point of reference, a dietary concentration of 20,000 mg/kg of
naturally weathered crude oil did not adversely affect reproduction in mallard ducks
(Stubblefield et al. 1995).

2.1.41.7 Polycyclic Aromatic Hydrocarbons

Laboratory bioassays have demonstrated a wide variety of adverse biological effects in
numerous kinds of organisms due to exposures to individual PAHs (USEPA 1980; Eisler
1987; Hellou 1996). Such effects include reduced survival, reproduction, growth,
metabolism, disease resistance, and (especially) increased tumorigenesis. However, the inter-
and intraspecies responses to PAHs are highly variable, and are substantially modified by
numerous factors, including the presence of other chemicals (particularly other PAHs). Until
these interaction effects are better understood, application of the single-substance bioassay
results in interpretation of field situations will be of very limited value (Eisler 1987; Hellou
1996).

Much of the research on PAHs has focused on carcinogenicity in mammals, which has been
demonstrated (or at least roughly implicated) for certain HPAHs. The noncarcinogenic
toxicity of PAHs is believed to act through basic metabolic disruption and is usually reflected
as polar narcosis. There are presently two theories regarding how narcosis occurs within an
organism (Abernethy and Mackay 1988). The "critical volume" theory involves a swelling or
volume change due to dissolved toxicant in nerve cells that results in changes in the structure
of lipid bilayers within the cell membrane. The "protein binding" theory involves the
toxicant binding to specific receptor sites of certain dimensions within the nerve cells,
resulting in narcosis. Whichever theory is applied, the molecular weight (size) of the PAH
will determine the effective concentration and/or dose [see discussion of petroleum
hydrocarbons above]. The available toxicological data bear this out (Abemethy and Mackay
1988). Therefore, as in the case of environmental fate, the recognition of LPAHs versus
HPAHs is important.

2.1.4.1.7.1 Low Molecular Weight PAHs

LPAHs may serve as a carbon source to higher plants and, as such, there are suggestions that
they enhance primary productivity. In any case, both algae and vascular plants tend to be
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resistant. Over-exposure to LPAHs can inhibit growth; however, the effects are generally

elicited at aqueous concentrations >20 pg/L.

In aquatic animals the most significant chronic endpoints are survival and growth; effects of
water-column exposures (e.g., to zooplankton [microcrustaceans] and fish) are generally

manifested in the mid- to high ng/L, or low mg/L, range.

In terrestrial vertebrates the most significant chronic endpoints are survival and growth.
Birds appear to be relatively tolerant to dietary exposures, as evidenced by no effects on
survival in mallards fed naphthalene and phenanthrene at concentrations up to 4,000 mg/kg
Patton and Dieter 1980).

2.1.4.1.7.2 High Molecular Weight PAHs

Algae appear to be slightly more sensitive to HPAHs and LPAHs, perhaps due to direct cell
wall effects on permeability. Nevertheless, the aqueous concentration of benzo(a)pyrene
known to elicit effects on algal growth is 25 ug/L (Cody et al. 1984). Vascular plants are
resistant; i.e., growth inhibition appears to be manifested only when bulk-media
concentrations are in the high pg/kg to low mg/kg range (Huang ez al. 1997).

Aquatic animals tend to be sensitive to HPAHs (insofar as they are bioavailable). The most
significant chronic responses tend to relate to survival and growth. Chronic effects on
zooplankton (cladocerans) and fish have been reported at aqueous concentrations in the low-
to mid pg/L range (Trucco et al. 1983; Eisler 1987).

In terrestrial vertebrates (at least birds and mammals), the HPAHs appear capable of eliciting
reproductive and developmental effects. Sample et al. (1996) estimate that dietary
concentrations as low as 19 mg/kg benzo(a)pyrene might impair reproduction in sensitive
mammals, based on experiments with mice (Mackenzie and Angevine 1981).

2.1.4.1.8 Pentachlorophenol

Acute exposures of PCP to animals result in interference with the production of high energy
phosphate compounds needed for cellular respiration (uncoupling oxidative phosphorylation).
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At chronic exposures there also appear to be general inhibitory effects on a variety of
enzymes, metabolism of lipids and carbohydrates, ion transport, and protein synthesis (Rao
1978, Eisler 1989). Among general outcomes, these effects are manifested in fetotoxicity
(impaired reproduction) and developmental (embryonic) malformations; however, evidence
of mutagenic or carcinogenic properties is incomplete (Williams 1982). The mechanism of
toxicity in plants is not fully understood (Efroymson er al. 1997a); however, it is believed
that oxidative phosphorylation, or a similar process, is the mechanism of PCP phytotoxicity
(Eisler 1989).

Effects of PCP on growth in terrestrial and hydrophytic vascular plants vary substantially
with clay content within the medium, but are generally elicited at concentrations >3 mg/kg
(Efroymson et al. 1997a).

Aquatic toxicity of PCP is highly dependent upon pH. Effects on growth, survival, and
reproduction are elicited in the more sensitive organisms at aqueous concentrations in the low

ng/L range (e.g., <10), especially when acidic conditions exist.

"Adverse sublethal effects" on birds are reported by Eisler (1989) to be associated with
dietary concentrations as low as 1 mg/kg; however, the nature of the effects and the source of
the information are not provided. Reproduction in laboratory rats was impaired at dietary
concentrations of 30 mg/kg, but not at 3 mg/kg (Schwetz et al. 1978).

2.1.4.2 Potential Receptors

Based on the foregoing information regarding behavior and toxicology of the COlIs
(Subsections 2.1.3 and 2.1.4) the various potential ecological receptors can be prioritized
relative to their vulnerability to exposures and sensitivities. For example, with the possible
exceptions of arsenic, nickel, and PCP it is highly unlikely that aqueous (water-column)
concentrations of the COIs would pose a threat to planktonic or nektonic (free-swimming)
organisms in CHB. Also (again with the possible exception of PCP), it appears unlikely that
any of the COIs would adversely affect aquatic and hydrophytic vascular plants -- since most
- (if not all) of the reported concentrations in sediments are well below thresholds for
phytotoxicity. Inasmuch as the vast majority of the mass of all of the COIs is likely to be
sequestered in the CHB sediments, it is concluded that the most vulnerable and sensitive
receptors would be those intimately associated with the inundated substrates, particularly
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those that essentially reside within the sediments. In CHB, such receptors would be infaunal
benthic invertebrates, such as oligochactes (segmented worms), a few types of
microcrustaceans (especially amphipods), and a variety of insects whose larval stages burrow
in the sediment (e.g., certain mayflies and midges).

Because of the probable limitations on bioavailability and limited or no propensity for
bioconcentration/bioaccumulation of most of the COTs, it appears that indirect exposures via
ingestion to semi-aquatic and terrestrial vertebrates ("wildlife") is insignificant. However,
some of the COIs (notably HPAHs and PCP) can elicit adverse responses in certain sensitive
wildlife receptors at relatively low dietary concentrations. Certain semi-aquatic vertebrates
may consume sufficient quantities of aquatic organisms and/or (incidentally) the sediment
itself to be at risk. This would be particularly true of individual animals that might feed
preferentially or exclusively along CHB (e.g., territorial "piscivorous" birds and mammals).

21.5 Complete Exposure Pathways

Figure 2 addresses the complete and potentially significant exposure pathways to ecological
receptors in AOC B. The primary or ultimate sources of COIs are surface soils of treatment
areas of the main International Paper facility. The initial release mechanism is conceived as
advective transport via surface runoff, primarily coalesced in the several drainage ditches
(ie., part of SWMU 37), followed by deposition onto wetland and aquatic soils/sediments.
From these secondary sources, the COIs may be released by desorption to surface water
and/or interstitial ("pore") water, to which primary receptors may be directly exposed.

Tertiary release mechanisms would include uptake via direct contact and/or ingestion by
organisms living in the sediments or the water column, followed by the ingestion of these
organisms by semi-aquatic (air-breathing) animals.

2.1.6 Ecological Endpoints

Among the crucial products of problem formulation are assessment endpoints, which provide
a bridge between broad management or policy goals (e.g., "protection of the environment")
and the specific measurements used in risk evaluation. An assessment endpoint is the explicit
expression of an environmental value that is to be protected (USEPA 1997, 1998). Two
elements are needed to define an assessment endpoint: (1) the valued ecological entity (e.g., a
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local population of a species, or a particular habitat such as emergent aquatic vegetation); and
(2) the property or attribute of that entity which is potentially at risk and important to protect.
The rationale for endpoint selection must be clear. Much of the information presented in the
foregoing subsections is intended to provide rational (and transparent) bases for endpoint

selection.

As noted above, at a fundamental level, it is individual organisms that are exposed (directly
or indirectly), and individuals that respond. However, one of the salient differences between
human health and ecological risk assessment is that the latter "involves multiple endpoints at
different levels of biological organization, from single species to communities of organisms
to entire ecosystems" (USEPA 1991; see also Suter 1993). Generally, it is the potential
effects on populations or even higher levels of biological organization that are of interest in
ecological risk assessment (Suter 1993; USEPA 1998).

The ecological entities and properties deemed appropriate for this SLERA should be those
necessary to "sustain the natural structure and function of an ecosystem" (USEPA 1998). The
"ecosystem" at issue here is the assemblage of organisms and their habitats associated with
CHB to the northeast of (and downgradient from) the main International Ppaper - Wiggins
facility. The ecological "integrity" (structure and function) of this system might be altered by
the presence of one or more of the COIs. As with any natural ecosystem, the structure and
function of the CHB system will be regulated by ecological entities that fall into three
fundamental trophic groups:

. Producers (autotrophs), or organisms that use sunlight to manufacture organic
matter (biomass) from inorganic chemicals -- i.e., green plants

o Consumers, or organisms that feed on other organisms -- i.e., animals, which
in turn are classified as:

- Primary consumers (plant-eaters or herbivores)

- Secondary consumers (omnivores)

- Tertiary/quaternary consumers (carnivores)

- Consumers of dead, often partially decomposed biological tissue, and
biological waste (detritivores).
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o Decomposers, or organisms that convert dead biological tissue (detritus) and
biological waste materials into simpler organic molecules -- i.¢., bacteria and
fungi ("microbes").

The producers and decomposers are, for the most part, intimately associated with fixed
substrates (e.g., sediments), and tend to be morphologically and physiologically similar.
Most consumers (animals) are more mobile, and comparatively more complex organisms,
than plants and microbes. Thus there is greater diversity, in the sense of higher taxonomic
levels, of animals than simpler organisms that function as producers and decomposers. It is
generally the animals (consumers) -- especially the larger, more conspicuous forms -- that
tend to be accorded higher "value" by human society (i.e., as "wildlife"). However, if the
system is to be "natural," then entities from all three trophic levels must be protected.

Based on the information summarized in Subsection 2.1.4, it is concluded that the more
vulnerable and potentially sensitive receptors in CHB would be certain groups of aquatic
invertebrates whose survival, growth, and/or reproduction might be impaired by direct
exposures to sediments (primarily via the pore waters). Such receptors, at the screening
level, are represented by the assemblage of populations commonly referred to as the infaunal
benthic community. The attribute of this community that is of concern — i.e., of essential
relevance to the integrity of the overall system — is conceived as “secondary production”
(provision of biomass in a form available for higher-level consumers. In terms of actual
measurement(s), which is beyond the scope of this investigation, the property could be
reflected in community composition (e.g., the taxonomic diversity) and structure (e,
relative densities).

At least with respect to most of the COls, it appears unlikely that the vulnerability and
sensitivity of higher-level consumers via direct or indirect exposures would be significant.
Certain wildlife could conceivably, however, 'ingest sufficient quantities of lower-level
aquatic consumers and/or sediments to be susceptible to adverse chronic effects from some of
the COIs (e.g., HPAHs and PCP). Accordingly, a second broad assessment endpoint is
potential impaired reproduction and/or developmental effects in sensitive birds and
mammals. Such receptors might include individual wood ducks (4ix sponsa; an omnivore);
belted kingfishers (Ceryle alcyon; a camivore); beavers (Castor canadensis; an herbivore);
raccoons (Procyon lotor; an omnivore); and mink (Mustela vison; a carnivore). Neither
kingfishers nor mink were actually observed (directly or indirectly) in AOC B during the
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ecological reconnaissance, but individuals could occasionally be present. Wood ducks,
beaver, and raccoon appear to be common along CHB. All of these air-breathing species are
“semi-aquatic” in the sense that they tend to be intimately associated with aquatic and
wetland habitats, from which they typically obtain a large proportion of their diet.

It should be acknowledged that certain amphibians and reptiles (e.g., bullfrogs and some
other "true" frogs, some salamanders, turtles, water snakes) may be among the most
vulnerable wildlife to exposures in AOC B. Compared to most birds and mammals,
amphibians and reptiles (especially the former) are relatively sedentary. Eggs and larvae
(tadpoles) of bullfrogs (Rana catesbeiana) are strictly aquatic, and therefore would be
directly exposed to any bioavailable (i.e., dissolved) fractions of COIs in the water column.
The tadpoles feed almost exclusively on benthic algae, periphyton, and vegetable detritus
(USEPA 1993a). Although basically air-breathers, adult bullfrogs also respire "aquatically”
through the skin and other integumentary tissues (e.g., cloacal wall). These animals hibernate
during cold months by burying themselves in surficial aquatic or riparian sediments, with
maintenance respiration dependent upon dissolved oxygen from the pore water. Adult
bullfrogs are carnivorous, preying on a wide variety of aquatic and semi-aquatic animals
(basically anything alive that is small enough to swallow). However, other than results of
direct-exposure bioassays (tadpoles in water), there are virtually no reliable toxicological data
available by means of which to evaluate the potential effects of exposures to amphibians and
reptiles. It should be noted that amphibians (including bullfrogs) and semi-aquatic reptiles
were observed to be common along and in CHB during the ecological reconnaissance, which
indicates at a minimum that these animals as a group are not experiencing any overtly adverse
effects.

2.2 ECOLOGICAL EFFECTS EVALUATION

Evaluation of ecological effects at the screening level requires: (1) bulk-medium
concentrations of the COIs representative of conservative thresholds at or above which
adverse toxicological responses would be expected (i.e., ESVs); and (2) exposure estimates.
The latter are discussed in Section Three.

This SLERA was initiated to address the basic premise that COIs related to the International
Paper - Wiggins facility may pose hazards to ecological resources. Such constituents would
be identified as chemicals of potential ecological concern (COPECs), and may be subject to
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further evaluation via a more definitive ecological risk assessment. As in the case of defining
ecological endpoints (Subsection 2.1.6), there is a need to limit the scope to an immediately
relevant, tractable, group of COPECs -- i.e., those which:

e Are truly related (at least indirectly) to the International Paper facility; and

e Might, at least conceivably, elicit substantive adverse effects (i.e., changes that
irreversibly compromise the structural and functional integrity of the ecosystem(s)
and/or the health of legally protected individual organisms.

This subsection addresses the overall approach to identifying COPECs, with particular
emphasis on establishing a rationale for their selection. Results of the sampling and analysis
of CHB sediments are used to identify COPECs, eliminate some COls, and recognize COls
whose status is unresolved (i.e., uncertainties).

Screening of COIs should be a process that leads to some degree of prioritization. It should
narrow the list to COPECs whose effects are known or at least practicably discernible [see
above discussion regarding availability of toxicity data for amphibians and reptiles]. This
means that some COls will be eliminated by the process, or at least relegated to the status of
uncertainties that can only be addressed qualitatively/intuitively. If the screen is so fine as to
retain all (or virtually all) of the COls, it has no operational value in problem formulation.

Frequency of detection, although relevant later, is not a primary consideration in the initial
selection of COPECs. In cases where practical analytical sensitivities (i.e., analytical
reporting limits) are inadequate to verify absence of COls at levels exceeding ESVs, the
consituents are considered uncertainties rather than COPECs. The inability to obtain
measurements of these substances necessitates a different, fundamentally qualitative
approach to subsequent evaluation.

2.21 Direct-Exposure Screening Values

Direct-exposure (to benthic invertebrates) ESV's for freshwater sediments were obtained from
five sources as identified in Table 1. All of the ESVs for inorganic COIs and most of those
for organics are experimentally derived, effects-based values believed to represent thresholds
below which adverse responses are highly improbable (i.e., consensus-based threshold effects
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concentrations [TECs; MacDonald ez al. 1999]; threshold effects levels [TELs; Ingersoll e
al. 1996]; or effects range - low values [ERLs; Long ef al. 1995]. Preference was given to
TECs, TELs, and ERLs because they are the most conservative benchmarks available for
freshwater sediments that have a solid technical basis”.

There are no available sediment ESVs that are based on directly observed effects for "PHC as
Diesel" or PCP. This necessitated deriving benchmarks using the equilibrium partitioning
approach (USEPA 1993b), with the lowest available aqueous toxicity ESV (e.g., the
freshwater chronic value) and expected partitioning from sediment to pore water. The basic
EqP equation is:

SC:Cw*foc*Koc
where,

SC = EqP based screening concentration in sediment

Ko = organic carbon to water partitioning coefficient

Joc = screening value in water (0.01 assuming an organic carbon concentration of 1%)
Cw = screening value in water

In the case of "PHC as Diesel" the process was extended to account for the actual measured
total organic carbon (TOC) associated with a particular sediment sample, and transforming
the ESV and estimated exposure concentrations to express them in terms of organic carbon
(mg/kg-oc; Shephard and Webb 1998).

2.2.2 Indirect (Ingestion-Pathway) Screening Values

Addressing potential indirect exposures to wildlife via ingestion is accomplished by
identifying what are believed to be the most conservative no-observed-adverse-effects-levels
(NOAELS) for ingestion of food, water, and (incidentally) sediments by tetrapod vertebrates
(i.e., birds and mammals) for each COL. The NOAEL is an exposure rate or dose, expressed
as milligrams per kilogram of receptor body weight per day (mg/kg-BW/day). Using the

* In general, they are also the most recently published values (at least in peer-reviewed scientific literature).
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rates of water, food, and sediment ingestion for the test organism® used in deriving the
NOAEL, the corresponding dietary concentrations were back-calculated to serve as sediment
ESVs by:

SC (mg/kg) = NOAEL (mgCOVkg-BW/day)* BW (kg) * 1 day/(kg consumed)
where,

SC = screening concentration in sediment

NOAEL = no-observed-adverse-effects-level (dose)
COI = constituent of interest

BW = body weight (test organism, in kg)

The concentrations in food (forage/prey) and water are estimated using partitioning and
"uptake" factors such as bioconcentration factors (BCFs), bioaccumulation factors (BAFs),
biota-sediment accumulation factors (BSAFs), and/or food-chain multipliers (FCMs). The
result is a conservative risk-based bulk-sediment concentration for the COI and a particular
type of receptor. A sediment ESV was derived for each of the inorganic COIs, LPAHs,
HPAHSs, and PCP, relative to each of five types of receptors: mallard duck (a surrogate for
wood duck); belted kingfisher; beaver; raccoon; and mink. Then the lowest ESV for each
COl/receptor combination was selected as the ingestion-pathway ESV for Table 1.

The details of ingestion-pathway ESV derivation, including both selection (or derivation) of
NOAEL doses and receptor-specific exposure assumptions are presented in Appendix A.

* In many cases the actual test animals were not the receptors chosen as "representative sensitive wildlife"
species for AOC B (see Subsection 2.1.6).
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3.1 EXPOSURE ESTIMATES

In accordance with USEPA (1997) the maximum reported bulk-sediment concentration (dry
weight) from among the six CHB sampling locations is used as the estimated exposure
concentration for screening. For "PHC as Diesel" this concentration is expressed as mg/kg -
organic carbon (oc), to facilitate direct comparison with the ESV.

ESVs are available for certain of the PAH groups. Therefore, it was necessary to estimate a
concentration for Total LPAHs, Total HPAHs, and Total PAHs. In these summations, the
non-detected individual compounds were included in the respective summations only if a
compound was quantitated at least once from indicator location samples. In such cases, one-
half of the detection limit was used for each non-detected compound in a given sample.

3.2 RISK CHARACTERIZATION
3.21 Identification of Constituents of Potential Ecological Concern (COPECs)
3.2.1.1 Inorganics

Table 1 summarizes the results of comparing hypothetically potential exposures with ESVs,
None of the inorganic COIs (As, Cr, Cu, Pb, Ni) is expected to elicit any adverse ecological
effects, based on the lack of exceedances of any benchmarks. Thus none of the norganics is
elevated to the status of COPEC.

3.2.1.2 Petroleum Hydrocarbons

Similarly, the maximum reported concentration of "PHC as Diesel" does not exceed the only
available effects-based ESV (9060 mg/kg-oc; Shephard and Webb 1998), which is for direct
exposures to benthic invertebrates. As discussed in Subsection 2.2.2, there is not a reliable
NOAEL-based ESV for ingestion-pathway exposures of petroleum alkanes/cycloalkanes (Cjq
- Cys fraction) mixtures to wildlife.
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3.2.1.3 Polycyclic Aromatic Hydrocarbons

Maximum reported concentrations of seven individual PAH compounds (1 LPAH and 6
HPAHs), as well as Total LPAHs and Total HPAHs, exceeded their respective ESVs for
direct exposure to benthic invertebrates. The exceedances for anthracene and Total LPAHs
(and nearly all detections of other individual LPAHS) were associated with sampling
locations 2 and 4 (Figure 1). Most of the exceedances for HPAHs were associated with the
same two locations, although three of the individual compounds also exceeded their direct-
exposure ESVs at location 3. Thus the exceedances for Total HPAHs were at locations 2.3,
and 4. Since the direct-exposure ESV for Total PAHs (1.61 mg/kg) is at least an order of
magnitude higher than that for any individual compound or subgroup of compounds, it was
approached only once, at location 4. The foregoing suggests that certain PAHs may pose a
risk to sensitive benthic invertebrates, but that the potential is limited to the upper half of the
segment of CHB within the AOC. The compounds or mixtures identified as COPECs for
direct exposures are anthracene, Total LPAHs, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, indeno(1,2,3-c)pyrene, and Total
HPAHs. Although never detected, acenaphthene is recognized as an uncertainty because its
maximum analytical reporting limit (0.032 mg/kg) exceeds the applicable ESV (0.016
mg/kg).

Based on the conservative ESVs for Total LPAHs and Total HPAHSs (as subgroups), there
does not appear to be a potential for adverse effects on sensitive wildlife receptors via
ingestion of aquatic organisms from CHB. The maximum concentration for Total LPAHs
(0.260 mg/kg) is nearly three orders of magnitude lower than the benchmark (205 mg/kg),
back calculated from a NOAEL dose (53 mg/kg-BW/day) for laboratory mice using
conservative exposure assumptions representing a mink. The maximum concentration for
Total HPAHs (1.02 mg/kg) is less than half of the benchmark (3 mg/kg), back calculated
from a derived NOAEL dose (1 mg/kg-BW/day) for laboratory mice using the same mink
exposure assumptions. The measured LOAEL dose (10 mg/kg-BW/day) used to derive the
NOAEL elicited reproductive impairment in mice. The lowest NOAEL-based ESV for birds
(a measured value), predicting reproductive impairment in the belted kingfisher, is 7.6 mg/kg
Total HPAHs. Accordingly, none of the PAHs is identified as a COPEC for indirect
(ingestion-pathway) exposures attributable to AOC B.
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3.2.1.4 Chlorinated Phenols

Five of the six reported sediment concentrations of PCP exceeded both the direct- and
indirect-exposure pathway ESVs. Furthermore, although PCP was not detected at location i
the reporting limit for that analysis (0.095 mg/kg) was higher than both ESVs. These results
reflect a potential for adverse effects on both aquatic biota and wildlife, so PCP is identified
as a COPEC for both direct and ingestion-pathway exposures.

3.2.2 Evaluation of Uncertainty

The SLERA process is inherently conservative by design to minimize the likelihood of
overlooking potential hazards to ecological receptors (USEPA 1997). Hence it is highly
unlikely that any of the COIs not identified as COPECs (i.e., all inorganics, petroleum
hydrocarbons, and most individual LPAHs) would pose a risk to benthic invertebrate
animals, aquatic or hydrophytic vegetation, or wildlife foraging in and along CHB. Indeed, it
is likely that potential hazards of most of the COPECs (particularly many of the individual
and grouped PAHs) are over-estimated. Examples of factors contributing to over-estimation
of risk include, but are not limited to:

e Although there were wide ranges of bulk-sediment concentrations of organic
COIs, many of which did not exceed their respective ESVs, the selection process
relied exclusively on the maximum reported levels.

o The ESVs for 25 of the 27 COIs were essentially based on "no-effects" levels,
which may well be substantially below the actual thresholds for toxicological
responses under conditions that actually exist in AOC B.

® The SVOCs retained as COPECs all tend to have a strong propensity for sorption
to sediments, particularly where TOC levels are relatively high and reducing
conditions prevail. This means that the vast bulk of the mass of these substances
is effectively sequestered in the sediments and would have limited bioavailability;
yet the bioassays on which many of the ESVs are based involved laboratory
conditions designed to maximize availability of the COIs.
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* Exposure assumptions for the ingestion pathway scenarios are generally
unrealistic. For example, the foraging areas of individual mink and kingfishers
are reportedly greater than 4,000 feet and 1,200 feet of shoreline, respectively
(USEPA 1993a), whereas the stretch of CHB containing sediments with
substantially elevated PCP (sampling locations 2-4) appears to be less than 1,000
feet. The ultraconservative risk-based sediment concentration derived for wildlife
assumes that an individual mink derives every morsel of food it eats from the
vicinity of CHB sampling location 4. Moreover, it assumes 100% assimilation of
everything in the diet -- which is bioenergetically impossible.

Examples of factors that could conceivably have contributed to under-estimation of risk

include:

e Lack of reliable dietary ESVs for amphibians and reptiles (particularly the former)
precludes an adequate evaluation of receptors that are potentially more vulnerable
to exposures than birds and mammals.

* Use of EqP-based ESVs (for "PHC as Diesel" and PCP) may not adequately
account for toxicity attributable to ingestion-pathway exposures to certain types of
infaunal benthic invertebrates, such as oligochaetes.

Examples of factors that could have contributed to either under- or over-estimation of the
potential hazards include:

e Lack of site-specific limnological and water-quality data which, among other
considerations:
® constrains interpretation of the potential behavior and toxicity of COls
reported from sediments; and
e limits direct evaluation of the potential aqueous toxicity (including availability
for uptake and estimating exposures to higher trophic levels).

URS believes that, on balance, the SLERA is adequate to support a conclusion that further
evaluation, focused on the constituents now considered COPECSs is warranted. Certain data
gaps need to be resolved, such as soils in the drainage ditches that convey runoff from the site
to CHB, as well as a more extensive characterization in areas between the ditches. Surface
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water in CHB needs to be evaluated to confirm an expectation that the COPECs are largely, if
not completely, sequestered in the sediments. Such a refined assessment is likely to show
that the potential for adverse ecological effects, if any, is relatively low. Moreover, any
effects are likely to be of relatively low significance.
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SECTIONFOUR Summary and Conclusions

An ecological reconnaissance revealed that AOC B supports perennial (resident) aquatic
biotic communities as well as semi-aquatic to terrestrial communities associated with the
riparian zone of Church House Branch (CHB). The extreme upper reaches of the stream
itself may only have intermittent, seasonal, flow, but beavers have established several
impoundments that offer lentic refugia for aquatic plants and animals, as well as gradual
expansion of palustrine wetland habitats.

As part of the RFI, six indicator and two background locations were sampled to evaluate the
extent of occurrence of COIs in AOC B sediments. Analyses of the eight composite samples
indicated that CHB sediments contain elevated levels of certain metals {Cr, Cu, Pb)6, a
metalloid (As), a petroleum hydrocarbon mixture, certain PAHs, and PCP. The maximum
reported concentrations of these COIs were compared to conservative benchmarks (ESVs) to
determine if any has a potential to cause adverse ecological effects. Chemicals that exceeded
their respective ESVs were designated constituents of potential ecolo gical concern
(COPECs). The COPECs, as well as any COIs of uncertain status, may require further
evaluation in a refined ecological risk assessment.

Eight individual semi-volatile organic compounds and two groups were identified as
COPEC:s as follows:

Anthracene

Total LPAHs
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Indeno(1,2,3-c)pyrene
Total HPAHs
Pentachlorophenol (PCP)

Because of the conservatism inherent in the SLERA process it is highly unlikely that any of
the COIs not identified as COPECs (i.e., all inorganics, petroleum hydrocarbons, and several

% Nickel was reported at 2 mg/kg in one indicator sample, but this concentration is an order of magnitude lower
than levels generally regarded as unnaturally elevated.

URS VAND2-SLERA-TXT-11-11.00C 4-1



SECTIONFOUR Summary and Conclusions

semi-volatile organics) would pose a hazard to benthic invertebrate animals, aquatic or
hydrophytic vegetation, or wildlife foraging in and along CHB. Similarly, although they
might, theoretically, pose a limited threat to benthic invertebrates, it is highly unlikely that
PAHs (individually or collectively) would elicit adverse effects among wildlife receptors.

Since the semi-volatile organic constituents retained as COPECs tend to have a propensity for
sorption to sediments, particularly where (as in CHB) TOC levels are relatively high, it is
reasonable to suppose that the vast bulk of the mass of these substances is effectively
sequestered in the sediments of AOC B. The same is generally true of the inorganics,
although their behavior is more complex and heavily dependent upon speciation, valence
state, and various other physico-chemical factors (e.g., pH, hardness). Therefore, it may be
that insufficient quantities of these substances are available to achieve concentrations in the
overlying surface water to pose a hazard to organisms in the water column (e.g., plankton,
fish, larval amphibians).

The uncertainty associated with this SLERA that could substantially alter the basic
conclusions is related to lack of information on: (1) "conventional" water-quality conditions
(e.g., pH, Eh, dissolved oxygen); (2) aqueous concentrations of the COIs (both dissolved and
total); and (3) details of the spatial distribution of COls within the sediments.
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TABLE 1

SUMMARY OF OCCURRENCE OF CONSTITUENTS OF INTEREST (COIs) AND IDENTIFICATION OF CHEMICALS OF POTENTIAL
ECOLOGICAL CONCERN (COPECs) IN SEDIMENTS

Background Church House Branch (AOC B) ESV (mg/kg)*
Constituent of Interest Freq.' Min.” I Max.’ Freq.' I Min. | Max.? Direct l Indirect COPEC?’

Inorganics [metals/metalloids] (mg/kg)
Arsenic (total) 0/2 <0.56 <0.60 6/6 1.50 6.28 9.79 114 No/No
Chromium (total) 2/2 3.34 3.76 6/6 4.67 19.10 43.4 152 No/No
Copper (total) 0/2 <2.82 <2.99 5/6 <2.98 10.00 31.6 97 No/No
Lead (total) 2/2 5.11 5.50 6/6 373 19.90 35.8 29 No/No
Nickel (total) 0/2 <2.26 <2.39 1/6 <2.13 2.02 221 448 No/No

Petroleum Hydrocarbons (mg/kg-oc)
PHC as Diesel® 22 | 738 7000 6/6 | 1884 7648 (9060) | NA No

Polycyclic Aromatic Hydrocarbons [PAHs] (mg/kg)
2-Methylnaphthalene 0/2 <0.014 <0.014 0/6 <0.014 <0.032 0.070 NA No
Acenaphthene 0/6 <0.014 <0.014 0/6 <0.014 <0.032 0.016 NA Uncertain
Acenaphthylene 0/2 <0.014 <0.014 1/6 <0.014 0.035 0.044 NA No
Anthracene 0/2 <0.014 <0.014 3/6 <0.014 0.144 0.057 NA Yes
Fluorene 0/2 <0.014 <0.014 0/6 <0.014 <0.032 0.077 NA No
Naphthalene 0/2 <0.014 <0.014 0/6 <0.014 <0.032 0.035 NA No
Phenanthrene 0/2 <0.014 <0.014 3/6 <0.014 0.148 0.204 NA No

Total Low Molecular Weight PAHs 0/2 <0.014 <0.014 3/6 <0.014 0.391 0.076 205 Yes/No

Benzo(a)anthracene 0/2 <0.014 <0.014 3/6 <0.014 0.075 0.108 NA No
Benzo(a)pyrene 0/2 <0.014 <0.014 4/6 <0.014 0.171 0.150 NA Yes
Benzo(b)fluoranthene 0/2 <0.014 <0.014 4/6 <0.014 0.264 0.027 NA Yes
Benzo(g,h,i)perylene 0/2 <0.014 <0.014 1/6 <0.014 0.078 0.016 NA Yes
Benzo(k)fluoranthene 0/2 <0.014 <0.014 3/6 <0.014 0.090 0.027 NA Yes
Chrysene 0/2 <0.014 <0.014 4/6 <0.014 0.172 0.166 NA Yes
Dibenzo(a,h)anthracene 0/2 <0.014 <0.014 0/6 <0.014 <0.032 0.033 NA No
Fluoranthene 0/2 <0.014 <0.014 4/6 <0.014 0.184 0.423 NA No
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TABLE 1

ntinued)

SUMMARY OF OCCURRENCE OF CONSTITUENTS OF INTEREST (COIs) AND IDENTIFICATION OF CHEMICALS OF
POTENTIAL ECOLOGICAL CONCERN (COPECs) IN SEDIMENTS

Background Church House Branch (AOC B) ESV (mg/kg)*

Constituent of Interest Freq.’ Min.” Max.’ Freq.' Min.? Max.” Direct Indirect COPEC?’
Indeno(1,2,3-c)pyrene 0/2 <0.014 <0.014 2/6 <0.014 0.085 0.017 NA Yes
Pyrene 0/2 <0.014 <0.014 4/6 <0.014 0.179 0.195 NA No

Total High Molecular Weight PAHs 0/2 <0.014 <0.014 4/6 <0.014 1.017 0.190 3 Yes/No
Total PAHs 0/2 <0.014 <0.014 4/6 <0.014 1.408 1.610 NA No
Chlorinated Phenols (mg/kg)
Pentachlorophenol 0/2 <0.070 <0.074 5/6 <0.095 2.310 {0.074} 0.02 Yes/Yes
Notes:
1. Frequency; i.c., number of times detected/total number of samples.
2. Minimumy; i.e., lowest reported concentration or lowest analytical reporting limit (for constituent/analysis).
3. Maximum; i.e., highest reported concentration or highest analytical reporting limit (for constituent/analysis).
4. ESV = Ecotoxicological Screening Value (sediment "benchmark") as dry weight bulk-sediment concentration or appropriately transformed concentration (see

Note 6). Direct-exposure ESVs are formatted to reflect their resp

from MacDonald ez al. (1999); plain type in parentheses - organic carbon normalized no-observed-
benthic invertebrates from Shephard and Webb (1998); italicized type - effects range - low (ERL) fr
effects level (TEL) from Ingersoll ez al. (1996; see also USEPA 1996); plain type in braces - derive
(USEPA 1993b). Indirect-exposure (ingestion-pathway) ESVs are dry weight bulk-
adverse-effects-level (NOAEL) doses to sensitive birds or mammals (i.e., the

rationale for ESV selection. NA = not available.

5. For each available ESV, a determination is made whether there is a

ective sources as follows: plain type - consensus-based threshold effects concentration (TEC)
adverse-effects-concentration (NOAEC) for freshwater

om Long et al. (1995); plain type underlined - threshold

d value based on equilibrium partitioning (EqP) approach
sediment concentrations derived by back calculation from no-observed-
lowest dietary NOAEL among several for each COI). See text for more details and

potential risk (toxic response) (Yes/No) or uncertainty remains (due, as in the case of

anthracene, non-detection at an analytical reporting limit which exceeds the ESV). A COl is considered to have a potential to elicit adverse effects if its

maximum reported concentration equals or exceeds the ESV, and thus becomes a COPEC.
6. The only apparent petroleum hydrocarbons detected in AOC B (and background samples) were "PHC as Diesel"
approximate petroleum alkane mixtures (in the C10-C25 fraction) as discussed in Shephard and Webb (1998). S

expressed as mg/kg-organic carbon (oc), the background and indicator sediment concentrations are similarly expressed for direct comparison.

, which are herein understood to most closely
ince the only available ESV is based on EqP and
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Measures of Effect

For the screening level ecological risk assessment,
potential ecotoxicological effects are evaluated only for
direct and indirect exposures attributable to constituents
associated with sediments in Church House Branch.
Direct exposures attibutable to constituents dissolved or
suspended in the overlying water column are not evaluated
because surface water has not been analyzed.

Ecological screening values (ESVs) were identified or
derived from literature for animals in direct contact with
sediments (benthic invertebrates), as well as for selected
terrestrial animals ("wildlife") assumed to ingest food
items exposed, directly or indirectly, to the sediments.
[See text for further details on selection/derivation of
ESVs.] Receptor types (groups) for which ESVs are
available, indicated by shading in the diagram are those
evaluated. Other receptor types (not shaded) are included
to: (1) show dietary components contributing to wildlife
exposures; and (2) provide a more complete (albeit
simplified) representation of potential aquatic exposure
pathways.

If an ESV for a particular constituent is equaled or
exceeded by the maximum bulk-sediment concentration (or
appropriately transformed maximum concentration), a
potential for adverse effects due to that constituent is
indicated.




APPENDIX A

INDIRECT EXPOSURE ESTIMATION AND DERIVATION
OF RISK-BASED SEDIMENT SCREENING CONCENTRATIONS
FOR INGESTION-PATHWAY EXPOSURES




APPENDIX A

Development of Ingestion-Pathway Screening Values

Development of a risk-based bulk-sediment ecological screening value (ESV) for ingestion
of a presumptive contaminant entails selection of what are believed to be potentially
vulnerable receptors and the most conservative toxicity reference (TRVs) values appropriate

to those receptors.

1.0 Receptors of Concern (ROCs)

The receptors of concern (ROCs) selected for this study are the mallard duck (4nas
platyrhynchos)'; belted kingfisher (Ceryle alcyon); American beaver (Castor canadensis);
raccoon (Procyon lotor); and mink (Mustela vison). As described below, - risk-based
sediment concentrations (RBCs) were derived for each ROC and all of the inorganic
constituents of interest (COIs), Total Low Molecular Weight Polycyclic Hydrocarbons
(LPAHS), Total High Molecular Weight PAHs (HPAHs), and Pentachlorophenol (PCP). As
discussed in the text, dietary TRV for "PHC as Diesel" were not available. |

2.0 Dietary Exposure Estimates

The TRVs are dietary average daily doses (rates of exposure), expressed as follows (USEPA
1993a):

ADD = [mfood * Cfood] + {]:Rwater % Cwatcr] + [mscd i Csed] * AUF/BW
where,
ADD = Average Daily Dose (mg/kg-BW/day)

IRfd = Ingestion rate of food (kg/day)
IRyaeer = Ingestion rate of water (kg/day)

' Chosen as a surrogate for the wood duck (4ix sponsa), which was observed to be common in the study area;
the mallard has very similar food habits, and its physiolo gy and sensitivity to various toxicants are much better
documented in scientific literature.



IRsea = Ingestion rate of sediment (kg/day)

Cros = Concentration of contaminant in food (mg/kg)
[(diet composition2f00d1 * Crood1) + (diet compositiongegz * Croodz) .-
food,]/100

Cuwaer = Concentration of contaminant in water (mg/L)

Csea = Concentration of contaminant in sediment (mg/kg)

AUF = Area Use Factor (usually a decimal fra.ction)3

BW  =Body Weight (kg)

Receptor-specific behavioral and physiological elements (e.g., IRfos, BW) for dose
estimation are provided in Tables A-1 and A-2. Contaminant concentrations in potential
"dietary" items other than sediment are not available in the present study, so they must be
estimated via conservative modeling approaches that differ for inorganic versus organic

constituents.

2.1 Modeled Accumulation of Inorganic Contaminants

The accumulation of inorganic contaminants into vascular plants is predicted using the
methods described in BJC (1998a) and RTI (1995). BJC (1998a) developed natural-
logarithm based regression equations that describe the uptake of specific inorganic chemicals
into vascular plants. The regression equations (Table A-3) are for the whole plant as opposed

to particular parts of plants. The general form of the regression is:

Tissue Concentration (mg/kg, dry weight) = !® * Infsoil or sediment- mefkg])}

where,

& = the natural logarithm

a = the log intercept for the regression

b = the slope of the regression

In (soil or sediment) = the natural transformed measured concentration of the

inorganic constituent of interest

? Diet composition is input as percentage of overall diet; the sum of all should equal 100.
*AUF is setat 1.0 (100 %) for screening purposes.



Such a form for the predictive equation is intuitive, in that the shape is sigmoid, suggesting
that, at low and high soil concentrations, the ratio between the plant concentrations and

soil/sediment concentrations is asymptotic.

Not all of the inorganic chemicals have reliable regression equations, and therefore the
median of the observed plant factors as reported by BJC (1998a) are used (Table A-3).
These uptake factors represent a predicted ratio between soil/sediment” concentration and

plant tissue concentrations, where:
Tissue Concentration (mg/kg) = UF * soil/sediment-mg/kg
where,
UF = the uptake factor for the inorganic chemical

Similar uptake regressions have been developed for earthworms, benthic invertebrates, and
small mammals for inorganics from soil/sediment (Sample et al. 1998a, b; BJC 1998Db).
When uptake factors are not available from the sources listed above, a theoretical uptake
factor -- a bioconcentraion factor (BCF) or biota-sediment accumulation factor (BSAF) is
used (Table A-3). For strictly aquatic organisms (algae, invertebrates, fish, and/or tadpoles)
the geometric mean of the BCFs obtained from the chemical-specific USEPA ambient water
quality criterion document is used. The BCFs from USEPA are based on wet or fresh
weight, and were converted to dry weight as described below in Subsection 2.2.5.

2.2  Modeled Accumulation of Organic Contaminants

Uptake of organic constituents into plants from soil/sediment is modeled following the
fugacity methods presented in Trapp and McFarlane (1995) and Mackay and Paterson
(1991). Uptake of organic constituents into invertebrates, secondary and tertiary consumers
are also modeled following fugacity methods (Mackay and Paterson 1981; Clark et al. 1988;
1990; Mackay and Paterson 1991; Thomann et al. 1992; Mackay, et al. 1995; Spacie et al.
1995) as well as guidance obtained from Belfroid et al. (1994) and Belfroid es al. (1995).

* There is sufficient evidence that the uptake of inorganic chemicals by aquatic or hydrophytic plants and
upland plants is virtually the same (e.g., Folsom et al. 1988), such that the equations for soils are also applicable
to sediment.



The relevant physico-chemical properties of the COIs are obtained from the online
Hazardous Substances Data Bank (HSDB), as summarized in Table A-4.

2.21 Fugacity and Fugacity Capacities

The fugacity approach enables consideration of both chemical-specific and organism-specific
attributes (e.g., Clark et al. 1988). Fugacity (F) is regarded as the “escaping tendency” of a
chemical from a particular phase (Mackay and Paterson 1981) with units of pressure (pascals,
Pa), and can be related to phase concentrations. For any particular environmental phase (e.g.,
water, soil, air, or biota) there is a corresponding “fugacity capacity” with units of mol/m>-Pa
which is denoted by a Z value. The relationship between fugacity, fugacity capacity and

chemical concentration (C) is defined by:
C=2ZF

Fugacity capacities for a given chemical are calculated for the phases of interest following
the methods of Mackay and Paterson (1981; see also Mackay et al. 1995). The following
calculations require chemical-specific parameters and an assumption of the system

temperature, 25°C.

Zomer=1+H
Zsoit = Kg x psoit + H
Zir=1+RxT)

Zhiota = 11P1d % Kow X Poioa + H
where:

H = Henry’s Constant

Kq = soil or sediment partitioning coefficient = fraction organic carbon x K.
(partitioning coefficient between water and organic carbon)

Psoil = bulk density of the soil (g/’cm3 )

R = Universal Gas Constant (8.31 Joules-m’/mol-°K)

T = temperature in degrees Kelvin

lipid = fraction of lipid in the organism

Kow = octanol to water partitioning coefficient

Piota = the density of the organism (g/cm?)

* Chemical parameters are listed on Table A-4.



The resultant fugacity capacities (Z values) can be used in concert with phase volumes and
transport mechanisms (e.g., advection, biotransformation, photolysis, etc) to calculate
chemical flux, distributions, mass balance, and persistence (e.g., Mackay and Paterson 1981,
1991). In the risk assessment application here, Z values are used to estimate partitioning
between the phases under steady-state conditions assuming no degradation,

biotransformation, and unlimited chemical mass (i.e., concentration-based).

Concentration-based modeling differs from strict fugacity approaches through the
assumption of unlimited contaminant mass. The application here uses the relationship
between fugacity capacities and partitioning coefficients (i.e., Biota-Transfer Factors, BTFs)
to predict contaminant concentrations in the tissues and/or diet of the receptors of concern.
In order for the relationship between fugacity and partitioning to be functional, in this
context, the system is assumed to be at steady-state (Mackay ez al. 1995). This is an implicit

assumption for this modeling approach®.

By definition (Mackay ez al. 1995), the ratio between Z values of different phases equals the
steady-state partitioning coefficient (e.g., the bioconcentration factor; BCF). '

For example:
Zoctanol + Zwater = Kow

Zash + Z\vater =BCF

This approach allows estimation of the partitioning between abiotic media, biological tissue,

and ingested materials.

2.2.2 Vascular Plants

¢ Unlimited mass assumes that there is sufficient chemical mass to result in steady-state concentrations within
all components within the model — abiotic and biotic. This often results in severe over-estimation as kilograms
of chemical can be required to produce the predicted concentrations in secondary and tertiary consumers within
an ecosystenl. Steady state assumes that all compartments within the model (abiotic and biotic) have reached an
equilibrium and are unchanging. This is considered a highly conservative assumption for modeling real-world
dynamic environments.



A soil or sediment concentration does not solely determine the direct exposure concentration
considering uptake of organic contaminants into plants (Bacci et al. 1990). For plants there
are two pertinent uptake pathways: (1) water taken into the root and transported via the

transpiration stream; and (2) uptake from soil-air where soil contaminants have volatilized’.

A pore-water concentration must be estimated to use this approach in wetland plants. This
was accomplished following the equations of Trapp and McFarlane (1995) given soil

moisture, total volumetric porosity, and organic carbon content within soil:
C soit-water = Cp + Koy
Kiw=ps xKg+90+(g-0) x Kaw
where:

C soil-water = the soil water concentration

Cy, = the bulk soil concentration

Kpw = the bulk soil-to-soil water partitioning coefficient

K4 = the soil-to-water partitioning coefficient (Kg = K. x OC)
(Koc = the organic carbon-to-water partitioning coefficient and OC = the
fraction organic carbon in the soil)

Py = soil bulk density (gm/cm’)

0 = the volumetric water fraction of the soil

€ = the volumetric total porosity of the soil

Kaw = the air-to-water partitioning coefficient (Kayw = H+ (R x T))

To calculate a sediment pore water concentration of the constituent, the bulk-sediment
concentration is divided by the product of the fraction of organic carbon in sediment and the

constituent's K, (organic carbon-to-water partitioning coefficient):

pr = * (ﬂ)rganic carbon XKoc)

Given the soil or sediment pore-water concentration of the contaminant, the partitioning
between the water and plant root is defined by the root water (W;) lipid content (L,), and the
Kow of the constituent adjusted by a correction exponent, b, using the default value 0.75
(Trapp and McFarlane 1995). This is to account for the differences between plant lipid and
octanol. Finally, the root density compared to water adjusts the partitioning:

7 Volatilization of chemicals into surface air is not considered in this model. Proper estimations would require
wind velocities, consideration of spatial volumes (e.g., 1 foot above the ground), and a more complete
characterization of the soil surface (i.e., bare ground, vegetated, littered, etc.) such that prospective estimates are
not practical.



rw (W+Lr>(Kow)Xpr.

Combining these equations results in a solution for the root concentration based on the soil-

water and soil-air uptake routes:

Croot = [(W + Ly ¥ Kow ) % Pr+ Pw)]X[Co + (po x Kg + 0 + (€ - 0) x Kaw)]

Once within the root tissue the contaminant can be transported via the xylem transpiration
stream (Trapp and McFarlane 1995). This translocation, represented below as the
transpiration stream concentration factor (TSCF) is defined by the K, and the soil-water

concentration (it is not dependent on the root concentration):
TSCF = 0.784 x exp[-(logKw - 1.78)% + 2.44]

and thus the concentration within the xylem is calculated as:
Cxy =TSCF x C soi-wate

The relationship between the concentration in the foliage, fruits, seeds or nuts and the
concentration in the xylem is related to the fugacity capacities of the respective phases. The

partitioning coefficients are calculated based on the fugacity capacities (Z’s):

Zyylem=TSCF + H

Zfoliage =fZair +fzwater +fZIipid
Ztrits :fzair +fzwatcr +ﬂlipid
Zseeds or nuts =fzair +fzwatcr Jrjzlipid

The fugacity capacities of the different plant parts are weighted by the fractions of its
constituents: air, water, and lipids (i.e., /s of 18, 80, and 2% respectively for foliage). The
partitioning between these plant parts and xylem is then:

plant part — (Z‘p]ant part & xy]arn) X ny]em

2.2.3 Soil Invertebrates (Including Insects)

Invertebrate detritivores dwelling within or upon the soil are exposed to both soil-water and
via the ingestion of soil (Belfroid, ef al. 1994). Insects, in the context of the model presented,
are exposed primarily via the ingestion of plant material and other insects. Given the
chitonous exoskeleton, uptake from soil-water is considered insignificant for most insects

(Crommentuijn et al. 1994). The concentration in soft-bodies invertebrates is calculated as a



combination of uptake from soil pore-water and ingested soil across the gastro-intestinal

fract:

{ invertabiote Z[Cb X (Zinvertebrate - ZSOiI)]+[Csoi] water X (Zinvertebrate + Zsoil watcr)]

The model assumes a lipid content of 1% in invertebrates as reported by Cobb ef al. (1995)
for earthworms. Z values are calculated as specified above. For insects, only exposure to

soil via ingestion of plants or other insects are considered; therefore:
Cherbivorous insects — Cplant foliage X (Zinsect - Zfoliagc)

Ceamivorous insects = Cherbivorous insect X (zinscct <+ Zherbivorous insects)

2.2.4 Aquatic Invertebrates

Bioconcentration factors (BCFs) between aquatic organisms and water are based on the lipid
content of the species under evaluation and the chemical-specific Ko,,. There is no correction
for the differences between lipids and octanol as the differences are considered insignificant
in these organisms (USEPA 1995) and can be derived as follows:

BCF = fiipia X Kow

Algae and zooplankton are, in the context of this model, exposed only to surface water,
whereas benthic invertebrates are assumed to be infaunal species exposed to sediment pore
water. For the purposes of modeling, the surface water concentraion is assumed to be the
sediment pore water concentraion divided by ten. This is considered a highly conservative
assumption that does not account for any partitioning into suspended solids and/or dissolved
organic carbon. Sediment pore-water concentrations are calculated based on the contaminant

K. and the sediment organic carbon content.

Calgae = BCF x Csurface water

CzooplanktOn = BCF x Csurface water T [(Zzoop]ankton i Zalgae) X Ca]gae]
Chenthos = BCF x Cpore water

Fish, amphibians and certain larger invertebrates (e.g., crayfish) have been identified as
potentially playing a significant role within the prospective foodweb of the reservoir. The
concentrations within amphibians are expected to be highly influenced by the animals aquatic
stage as a tadpole. This stage is essentially herbivorous and the concentration is represented
by:



Cﬁsh/amphibian =BCF » Couface water + [(Zsish/ amphibian Zalgae) X Calgae]
Crayfish are essentially epifaunal detritivores who receive direct exposures to surface water,
as well ingestion of sediment. Thus the predicted concentration is as follows:

Ccrayﬁsh = BCFE % Copriace water + [(Zcrayﬁsh - Zsedimem) X Csediment]

Three types of fish are incorporated into the modeling scheme, forage fish, trophic level III
fish, and trophic level IV fish. Forage fish are essentially herbivores feeding on algae (33%
of diet), some benthos (33% of diet — e.g., those invertebrates that migrate up into the water
column), and zooplankton (33% of diet). Trophic level III fish in the model feed on 50%
benthos and 50% zooplankton while trophic level IV fish feed of 50% forage fish and 50%

trophic level III fish. Their respective tissue concentrations are estimated as follows:

Cforagc fish = BCF X Csurface water + 0-33X[(Zforage fish + Za]gae) X Calgae] & 0-33x[(zforage fish

+ Zenthos) X Coenthos] + 0-33x[(zforage fish + Zzooplankton) X Czonplankton]

CTrophic tevel 11 fish = BCF X Csurface water + O-SX[(ZTrophic level 1l fish + Zbenthos) X Cbenthos] T

0-5X[(2Trophic level I1I fish = Zzooplankton) X Czooplankton]

CTrophic tevel Iv fish = BCF x Csurfacc water T O-SX[(ZTrophic level 11 fish ~ Zforage ﬁsh) X Cforage ﬁsh]

+ 0.5%[(Zrrophic tevel 1v fish + ZTrophic level 111 fish) X Crophic level T1I fish]

2.2.5 Tetrapod Consumers

Modeling of organic contaminant concentrations in secondary consumers begins with the
calculation of total ingested mass of constituent based on ingestion rates and concentrations

within the ingested materials.
Mabiotic = (Csoil or sediment X IRsoil or sediment) F (Cwatcr X [Rwater)

Myiotic = (Cdietary item 1 X IR % Pdietary item 1) T (Cdietary item 2 X IR x Pdietary item 2) + (Cdietary

itemn X IR x Pdietaryitem n)
Miotal = Mabiotic T Mbiotic
where:

Mabiotic = mass of chemical ingested from abiotic items (soil, sediment and water)



Myiotic = mass of chemical ingested from biological tissues
Miota1 = total mass of chemical ingested

Cdietary item: = chemiical concentration in dietary item

IR = food ingestion rate

Pictary item i = percentage of diet comprised by dietary item

The contaminant concentration within the diet or more specifically within the gastro-

intestinal tract (GIT) of the animal is calculated as:

Ciiet = Miota1 + [Water Consumed (kg/day) + Soil or Sediment Consumed (kg/day) +
Food Consumed (kg/day)]

Partitioning between the gut contents of an organism and the organism itself can be estimated
via fugacity. The fugacity capacity of the receptor (Zyiow) is calculated based on the percent
lipid in the animal, the K, of the contaminant, the density of the animal, assumed to be 1,
and the constituent's Henry’s constant. The Zg;e 1s calculated by weighting the individual Z
values for each component by its percentage (f) of the total material ingested (food + water +

soil or sediment). Thus for the wetland community foodweb:

Zdiet = [(ﬁoi] in (la'et) X Zsoil] T [(fwa!er in dr’er) X Zwater] + [(f;plams in die!) X Zp]ants] i [(ﬁnsects in diet)

X Zinsccts] + [(fmi! invertebrates in a'iet) X Zsoi] invertebrates] + [(f;mm'l mammals in dl’e!) X Zsmal]

mammals] + [(fbt‘rds in diet) X Zbirds]
and for the limnetic community foodweb:

Zgier = [(ﬂedz’ment in d:‘et) X zsedimcnt] + [(fwmer in diet) X Zwater] + [(ﬁ)lams in diet) X Zplants] +

[(fbenthos in diet) X Zbenthos] T [(famphibz’ans / fish in a’ier) X Zamphibians / ﬁsh] + [(ﬁ'myﬁsh in dl'et)

X Zcrayﬁsh]

As previously stated, the ratio of Z values between environmental phases is equal to the

partitioning coefficient, thus:
Canimal = Caiet X (Zanimal + Zdiet)

The resultant tissue concentraions are in wet or fresh weight while the ROC ingestion rates
(Table A-3) are in dry weight. The following lipid values and percent moisture contents

were used in modeling:



Fraction Fraction

Biological Tissue Lipid Note Moisture Note
Emergent Aquatic Plants 0.50 a 0.82 b
Aquatic Benthic Invertebrates 1.00 c 0.8 b
Forage Fish (Trophic Level II) 3.00 d 0.75 b
Trophic Level III Fish 4.00 d 0.75 b
Trophic Level IV Fish 5.00 d 0.75 b
Algae 1.00 g 0.8 b
Zooplankton 2.00 ¢ 0.8 b
Semi-Aquatic Herbivorous Vertebrates 3.00 e 0.68 b
Semi-Aquatic Omnivorous Vertebrates 3.00 e 0.68 b
Semi-Aquatic Insectivorous Vertebrates 3.00 € 0.68 b
Terrestrial Plant Foliage 1.00 a 0.82 a
Terrestrial Plant Roots 3.00 a {L75 a
Terrestrial Plant Seeds and Nuts 3.00 a 0.5 a
Terrestrial Plant Fruits 0.50 a 0.85 a
Terrestrial Invertebrate Soil Detritivores 1.00 f 0.84 a
Terrestrial Invertebrate Herbivores 2.00 8 0.69 a
Terrestrial Invertebrate Carnivores 3.00 e 0.61 a
Terrestrial Herbivorous Vertebrates 3.00 e 0.68 a
Terrestrial Omnivorous Vertebrates 3.00 & 0.68 a
Terrestrial Insectivorous Vertebrates 3.00 & 0.68 a

Notes:

Trapp and McFarlane (1995).

USEPA (1993).

c. Professional judgment and interpretation of the Biota-Sediment Accumulation and Lipid Database.
U.S. Army Corps of Engineers; online at http://www.wes.army.mil/el/bsaf/bsat.html

d. Professional judgment and interpretation of Appendix C in USEPA 1997. The Incidence and Severity
of Sediment Contamination in Surface Waters of the United States. Volume 1. National Sediment
Quality Survey. EPA 823-R-97-005.

e. Professional judgment.

f. Cobb et al. (1995).

o

To convert the model wet (fresh) weight concentraions into dry weight concentraions, the

model values were divided by the quanty; 1-fraction moisture.



3.0 Dietary Toxicity Reference Values (TRVs)

Table A-5 summarizes what are believed to be the most conservative dietary doses for
relevant test organisms® based on available scientific literature. To the extent available, a no-
observed-adverse-effects-level (NOAEL) and a lowest-observed-adverse-effects-level
(LOAEL) were selected (or derived) for each COI/ROC combination. Where only a LOAEL
was reported, the corresponding NOAEL was estimated by applying a 'safety' factor of 0.10
(mulﬁplication). Conversely, where only a NOAEL is reported, the LOAEL was estimated

by increasing the former by a factor of 10.

4.0 Risk-Based Sediment Concentrations (RBCs)

The sediment RBCs were derived by back-calculation using the equation presented in
Subsection 2.2.2 of the SLERA text. Table A-6 summarizes all of the COI/ROC RBS, the
lowest of which for each COI was selected for use as the most conservative indirect-exposure

ESV for screening [see Table 1 in text].

¥ Note that, in most cases, the test organisms used in the bioassays were not of the same species selected as
ROC:s for this study. Once a dose was selected to represent a particular group of receptors (e.g., birds), the
back-calculation used to estimate a risk-based sediment concentration was based on behavioral and
physiological exposure assumptions of the actual ROCs (Tables A-1 and A-2).
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TABLE A-1

BEHAVIORAL AND PHYSIOLOGICAL EXPOSURE ASSUMPTIONS FOR RECEPTORS OF CONCERN (ROCs)

Food
Body Ingestion Water Sediment
Area Use Weight (keg- Ingestion Ingestion
Common Name Scientific Name Guild' (acres)’ (kg) BW/day)’  (L/day)3 (% of diet)*
Mallard (duck) Anas platyrhynchos Riparian/littoral gleaning omnivore 13347 1.134% 0.0632 0.065 3.3
Belted Kingfisher Ceryle alcyon Water skimming/plunging carnivore 2.54* 0.136" 0.0159 0.016 3
American Beaver Castor canadensis Riparian/littoral foraging herbivore 824 17.4° 0.697 1.29 10°
Raccoon Procyon lotor Riparian/littoral gleaning omnivore 96 3.91° 0.211 0.338 9.4°
Mink Mustela vison Riparian/littoral pursuing carnivore 21.4° I¢ 0.069 0.099 1.38

Notes:

1 Feeding guild, representing broad feeding behavior type and trophic level.

2 The smallest reported home range; regardless of value, for screening purposes the entire diet is assumed to come from AOC B (i.e., the area use factor (AUF) is
set at unity in the average daily dose (ADD) calculation; see text).

Ingestion rates (foor and water) are taken directly from USEPA ( 1993) or calculated using appropriate allometric equations provided in USEPA (1993).
Sediment ingestion is actually treated (in the ADD calculation) as a rate equivalent to a given percentage of the food ingestion rate.

USEPA (1993).

Beyer et al. (1997)

Professional judgement based on the animal’s typical feeding behavior and diet.

Based on average pair density as reported by DeGraaf and Rudis (1986).

Average for males and females (Silva and Downing 1995)

Beyer et al. (1994).

Hamilton (1940).
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TABLE A-2

ASSUMED DIETARY COMPOSITIONS' FOR RECEPTORS OF CONCERN (ROCs)

Common Name

Aquatic
Inver- Amphi-  Rep- Mam-
Plants Insects tebrates Fish bians tiles Birds mals References/Notes

USEPA (1993); plant material is mainly seeds,

Mallard (duck) 25 25 50 tubers, stems; aquatic invertebrates are mainly
snails, insect larvae, crayfish
Belted Kingfisher 5 90 5 USEPA (1993); primarily forage fish
American Beaver 100 DeGraaf and Rudis (1986)
USEPA (1993); very opportunistic; diet varies
Raccoon 20 10 45 10 10 5 with season; plant material is mainly fruits;
crayfish and mollusks (where available) are
important
Mink 35 40 10 5 5 5 USEPA (1993); fish and shellfish predominate
Notes:

1 Expressed as percent of total diet.



TABLE 3

SUMMARY OF UPTAKE FACTORS FOR INORGANIC CHEMICALS

g S FSAE g aak S | BSAFOth | © S | Theoretical | £
Metals (mg/kg) Inorganic Kd | 5 | AquaticBCF | 5 | Regression ES Regression = . S | Median BSAF| 3 =
) > ] S Percentile S o BSAF °
@ n Slope w Intercept n @ 0 @
7440382 | Arsenic 2.90E+01 6 2.90E+00 1 0.754 7 -0.292 7 6.90E-01 7 1.43E-01 7 1.00E-01 8
7440473  |Chromium (Total) 1.80E+06 6 3.00E+00 2 0.365 7 0.2092 7 4.68E-01 7 1.00E-01 7 1.67E-06 8
7440508 |Copper 2.20E+01 2 4.69E+02 3 0.278 7 1.089 7 5.25E+00 7 1.56E+00 7 2.13E+01 8
7439921 |Lead 2.80E+05 6 3.31E+02 4 0.801 7 -0.776 7 6.07E-01 7 7.10E-02 7 1.18E-03 8
7440020 |Nickel 6.50E+01 6 3.51E+01 5 2.32E+00 7 4.86E-01 7 5.40E-01 8
Plant @ Plant w Plant 90th @ . u
Metals (mg/kg) Regression % Regression E Percentile E Plan;zIFedlan E
Slope @© Intercept ©w BCF “ ©
7440382 | Arsenic 0.564 9 -1.992 9 1.10E+00 9 3.75E-02 9
7440473 |Chromium (Total) 8.39E-02 9 4.10E-02 9
7440508 |Copper 0.394 9 0.669 9 6.25E-01 9 1.24E-01 9
7439921 |Lead 0.561 9 -1.328 9 4.68E-01 9 3.89E-02 9
7440020 [Nickel 0.748 9 -2.224 9 1.41E+00 9 1.80E-02 9
Herbivore o Herbivore @ Herbivore o . @
Metals (mg/kg) Regression E Regression E 90th Percentile E Her.bwnre 5
=] ° ¢ | Median BCF | &
Slope @w Intercept 2 BCF @ @®
7440382 |Arsenic 1.1382 10 -5.6531 10 1.60E-02 10 4.20E-03 10
7440473 |Chromium (Total) 0.3887 10 -1.35E-01 10 3.09E-01 10 8.84E-02 10
7440508 |Copper 0.0675 10 2.04E+00 10 1.29E+00 10 1.09E-01 10
7439921 |Lead 0.5181 10 -0.6114 10 1.87E-01 10 5.22E-02 10
7440020 |Nickel 0.3766 10 0.3174 10 8.98E-01 10 5.13E-02 10
Omnivore § Omnivore § Omnivore 90th § Omnivore g
Metals (mg/kg) Rgeression El Regression E: Percentile S | Median B cF| 2
Slope @ Intercept @n BCF 2 @«
7440382 | Arsenic 7.35E-01 10 -4.58E+00 10 1.60E-02 10 4.20E-03 10
7440473  |Chromium (Total) 0.7326 10 -1.4945 10 3.49E-01 10 6.99E-02 10
7440508 |Copper 0.7326 10 -1.4945 10 5.54E-01 10 1.27E-01 10
7439921 |Lead 0.2194 10 0.5669 10 2.86E-01 10 6.59E-02 10
7440020 |Nickel 0.478 10 -0.414 10 5.89E-01 10 1.68E-01 10
Insectivore @ Insectivore w Invertivore @ ; @
Metals (mg/kg) Regression 5‘ Regression 5 90th Percentile E ;[r:[;ei:tl:v];)é; E
Slope w Intercept “© BCF @n . “©
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TABLL

3

SUMMARY OF UPTAKE FACTORS FOR INORGANIC CHEMICALS

7440382

Arsenic

0.8188 11 -4.88471 11 1.30E-03 10 1.30E-03 10

| 7440473 |Chromium (Total) 0.7338 11 -1.4599 11 9.50E-02 10 8.15E-02 10

7440508 |Copper 0.1783 10 2.1042 10 1.12E+00 10 7.71E-01 10

7439921 |Lead 0.4869 10 0.4819 10 3.39E-01 10 1.60E-01 10
7440020 [Nickel 0.5444 10 -0.4266 10 5.78E-01 10 3.64E-01 E}J

11 General Value from Sample, B.E., I.1. Beauchamp, R.A. Efroymson, and G.W. Suter, I. 1998b. Development and Validation of Bioaccumulation Models for
Small Mammals. Oak Ridge National Laboratory, Oak Ridge, Tennessee. ES/ER/TM-219.

1 USEPA. 1984a. Ambient Water Quality Criteria for Arsenic. United States Environmental Protection Agency. EPA 440/5-84-033.

2 RTL 1995. Supplemental Technical Support Document for the Hazardous Waste Identification Rule: Risk Assessment for Human and Ecological Receptors.
Research Triangle Institute, Center for Environmental Analysis. EPA Contract Number 68-W3-0028.

3 USEPA.
4 USEPA.
5 USEPA.
6 USEPA.

United States Environmental Protection Agency, Office of Solid Waste and Emergancy Response. Washington, DC. EPA/540/R-95/128.
7 Bechtel Jacobs Company. 1998a. Biota Sediment Accumulation Factors for Invertebrates: Review and

1985a. Ambient Water Quality Criteria for Copper. United States Environmental Protection Agency. EPA 440/5-84-031.
1985b. Ambient Water Quality Criteria for Lead. United States Environmental Protection Agency. EPA 440/5-84-027.
1986b. Ambient Water Quality Criteria for Nickel. United States Environmental Protection Agency. EPA 440/5-86-04.

1996¢. Soil Screening Guidance: Technicial Background Document.

Recommendations for the Oak Ridge Reservation. Oak Ridge National Laboratory. BIC/OR-112.

8 Theoretical BSAF = BCF / Kd

9 Bechtel Jacobs Company. 1998b. Empirical Models for the Uptake of Inorganic Chemicals from Soil by Plants.

Oak Ridge National Laboratory. BIC/OR-133.
10 Sample, B.E., J.J. Beauchamp, R.A. Efroymson, and G.W. Suter, II. 1998b. Development and Validation of Bioaccumulation Models for Small Mammals.

Oak Ridge National Laboratory, Oak Ridge, Tennessee. ES/ER/TM-219.
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CAS #

91587
91576
83329
208968
120127
86737
91203
85018

56553
50328
205992
191242
207089
218019
53703
206440
193395
129000

87865

TABLE A-4

PHYSICO-CHEMICAL PROPERTIES OF ORGANIC CONSITUENTS OF INTEREST
[Obtained from Online Hazardous Substances Data Bank (HSDB)]

Organic Compounds of Interest

Low Molecular Weight PAHs
2-Chloronaphthalene
2-Methylnaphthalene
Acenaphthene
Acenaphthylene

Anthracene

Fluorene

Naphthalene

Phenanthrene

High Molecular Weight PAHs
Benzo[a]anthracene
Benzo[a]pyrene
Benzo[b]fluoranthene
Benzo[ghi]perylene
Benzo[k]fluoranthene
Chrysene
Dibenz[a,h]anthracene
Fluoranthene
Indeno[1,2,3-c,d]pyrene
Pyrene

Pentachlorophenol

Low Molecular Weight PAHs

Molecular Wt Melting Point

(g/mol)

162.61
142.2
1542
152.2

178.23

166.21

128.16

178.22

228.29
252.32
252.32
276.34
252.32
228.29
278.33
202.26
276.34
202.26

266.34
average logKoc

average logKow
average Henry's

(0C)

59.5
34.6
95
92-93
218
116-117
80.2
101

160
179-179.3
168
277
217
258.2
266
111
163.6
151.2

174
3.81

4.03
1.08E-04

Vapor

Pressure (mm (mg/L) @20-

of Hg)

7.98E-03
6.81E-02
1.00E+01
9.12E-04
2.67E-06
3.20E-04
0.01(kpa)
6.80E-04

5.00E-09
5.49E-09
5.00E-07
1.00E-10
9.70E-10
6.23E-09
1.00E-10
9.22E-06
1.30E-10
8.92E-05

1.10E-04

Solubility

250C

11.7
24.6
39
16.1
0.0434
NA
30
1.29

0.0094
0.0016
0.00135
0.00026
0.00076
0.00189
0.000599
0.26
0.062
0.135

14

LogKoc

3.05
3.93
341
3.25
5.26
3.95
3.26
4.36

6.00
6.14
6.35
4.98
5.82
5.13
6.12
4.94
6.82
5.19

2.69

High Molecular Weight PAHs

0.004420029

average logKoc
average logKow
average Henry's

Log Kow

NA
3.86
3.92
4.07
4.45
NA
33
4.57

5.79
597
6.6
6.63
6.84
5.73
6.5
5.16
6.7
4.88

575
6.08
1.03E-06

Henry's
(atm/m3/mole)

3.15E-04
5.18E-04
1.55E-04
1.13E-05
4.88E-05
1.00E-04
NA
1.24E-04

8.00E-06
4.57E-07
5.00E-07
2.66E-07
5.84E-07
9.90E-07
1.20E-07
9.45E-06
3.48E-07
1.20E-05

2.45E-08

4.20599E-05

Log BCF

3.63
2.99
2.59
2.11-2.76
3.56
3.02-3.35
1.6-3
NA

3.40
2.02
345
4.81
4.96
1.89
3.43
2.58-4.09
4.00
242

2.48
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TABLE A-5

DIETARY TOXICITY REFRENCE VALUES (TRVs) FOR VERTEBRATE RECEPTORS OF CONCERN

Representative Dose (mg/kg-
Arsenic . Endpoint Effect Reference
Test Species P 1 BW/day) e
NOAEL - Non-ruminant I
) Rat NOAEL No Adverse Effects 0.7 Schroeder et al. 1968 as cited in ATSDR 1993
Herbivores
wm
TEu NOAEL - Omnivores Dog NOAEL No Adverse Effects 1.2 Byron et al. 1967 as cited in ATSDR 1993
(=
§ NOAEL - Carnivores Dog NOAEL No Adverse Effects 1.2 Byron et al. 1967 as cited in ATSDR 1993
LOAEL - Non-ruminan ited in Ei
; Tum t Mouse LOAEL Rediised Tt Sz 0.8 Pershagen and Vahter 1979 as cited in Eisler
Herbivores 1988
LOAEL - Omnivores Rat LOAEL Survival & Reduced Litter Size 14 Rershagennd v“h‘;’; ;379 s
L AR~ Cathiiaes Cat LOAEL Survival 15 Pershagen and Vahu;; 5379 as cited in Eisler
Representative Dose (mg/kg-
Arsenic . Endpoint Effect Reference
Test Species P e BWiday) /e
[72]
o =
-5 NOAEL - All Species Cowbird NOAEL Clinical Signs 47 Thatcher et al. 1985 as cited in Eisler 1988
LOAEL - All Species Chicken LOAEL De“eased;’r‘;ﬁ;ﬁht and egg 6.88 Hermayer et al. 1977 as cited in NAS 1980
Representative Dose (mg/kg-
Chromium IIT . Endpoint Effect Reference
= Test Species P 1 BW/day) e
E
=t Ivankovic and P 1975 as cited i
3] - H L 3 . Vanxkovic an reussmann as cited in
g NOAEL - All Species Rat NOAE Reproduction and longevity 2737 Sample et al. 1996
LOAEL - All Species Rat NOAEL *10 Reproduction and longevity 27370 Tenkoyicand Bressmansy 075 iy cited i
Sample et al. 1996
Representative Dose (mg/kg-
Chromium ITI . Endpoint Effect Reference
Test Species P L BW/day) e
w)
4 ; P
g NOAEL - All Species Black Duck NOAEL Reprodnetion 1 Haseltine et al. (unz;:bllg;;s cited in Sample et
LOAEL - All Species Black Duck LOAEL Reduced Survival 2.7 Haseltine et al. 1985 as cited in Eisler 1986
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TABLE A-5

DIETARY TOXICITY REFRENCE VALUES (TRVs) FOR VERTEBRATE RECEPTORS OF CONCERN

Representative Dose (mg/kg-
Copper ; Endpoint Effect Reference
PP Test Species 4 e BW/day) f
No Adverse Effects (started
NOAEL - Herbivores Horse NOAEL with 103 to 185 day old 1.96 Cupps and Howell 1949 as cited in NAS 1980
animals)
12}
g NOAEL - Omnivores Swine (A) NOAEL MDA EIED g 611 Richic et al. 1963 as cited in NAS 1980
£ with 7-week olds)
1
= NOAEL - Carnivores Mink NOAEL Reproduction 11.7 sulenciveral 1982 lagsgcﬁlted in Sample et al.
LOAEL - Herbivores Mouse LOAEL Decreased survival 42 e 119989; Fecied idTRDR.
LOAEL - Omnivores Swine - "young" LOAEL Reduced growth 7.25 Gipp et al. 1973 as cited in NAS 1980
LOAEL - Carnivores Mink LOAEL Reproduction 15.14 Aulemchiecdl. ]982;959;1&6 e o
Representative Dose (mg/kg-
Copper . Endpoint Effect Reference
2 7P Test Species P 2 BWiday) f
5 NOAEL - All Species Turkey NOAEL Growth and survival 27.5 Supplee 1964 as cited in NAS 1980
LOAEL - All Species Chicken (chicks) LOAEL Growth, Muscular Dystrophy 29.6 Mayo et al. 1956 as cited in NAS 1980
: Representative Dose (mg/kg-
Lead ; Endpoint Effect Reference
Test Species P 1 BWiday) f
NOAEL - Non-ruminant
) Dog NOAEL No Adverse Effects 12.5 Azar et al. 1973 as cited in ATSDR 1993
Herbivores
[72]
Té‘ NOAEL - Omnivores Dog NOAEL No Adverse Effects 12.5 Azar et al. 1973 as cited in ATSDR 1993
=
§ NOAEL - Carnivores Dog NOAEL No Adverse Effects 125 Azar et al. 1973 as cited in ATSDR 1993
LOAEL - Non-ruminant
3 Rat LOAEL Cortical Development 28 Taylor et al. 1982 as cited in ATSDR 1993
Herbivores
LOAEL - Omnivores Rat LOAEL Cortical Development 28 Taylor et al. 1982 as cited in ATSDR 1993
. LOAEL - Carnivores Rat LOAEL Cortical Development 28 Taylor et al. 1982 as cited in ATSDR 1993
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TABLE A-5

DIETARY TOXICITY REFRENCE VALUES (TRVs) FOR VERTEBRATE RECEPTORS OF CONCERN

Representative s Dose (mng/kg-
Lead z Endpoint Effect Reference
" Test Species P 1 BW/day) 4
o . Coburn at al. 1951 as cited in EPA-600/3-77-
= -
= NOAEL - All Species Duck NOAEL No Effects 6 009, 1677
LOAEL - All Species Japanese Quail LOAEL Egg Production, Fertility 11.3 Edens et al. 1976 as cited in Sample et al. 1996
Representative Dose (mg/kg-
Nickel ; Endpoint Effect Reference
= Test Species 4 e BWrday) /e
=
E . Browning, Toxic. Indust. Metals 2nd Ed. As
£ _ ‘
< NOAEL - All Species Dog NOAEL Noa Adverse Effects 12 A ———"
LOAEL - All Species Rat LOAEL Decreased Body Weight 20 RTI 1988 as cited in ATSDR 1995
Representative . Dose (mg/kg-
Nickel ) Endpoint Effect Reference
" Test Species P e BWiday) 4
5=
= NOAEL - All Species Chicken NOAEL Growth 30.1 Weber and Reid 1968 as cited in NAS 1980
LOAEL - All Species Chicken LOAEL Decre“:::;g::h BN 502 Weber and Reid 1968 as cited in NAS 1980
Representative . Dose (mg/kg-
LowMolecular Weight PAHs . Endpoint Effect Reference
= o Test Species P 1 BW/day) 4
E 5
£ NOAEL - All Species Mouse NOAEL (Naphthalene) Sm“"a];vcg‘;ﬁ’ Organ 53 HSDB, USEPA, NTIS PB90-259821
= n
. . Shepard's Catalog Tetratogenic Agents 1989 as
LOAEL - All Species Mouse LOAEL (Dibenzofuran) Growth 100 cited in the HSDB
Representative Dose (mg/kg-
LowMolecular Weight PAHSs ; Endpoint Effect Reference
B & Test Species 4 1 BWiday) S
M NOAEL - All Species Mallard NOAEL No Signs of Toxicity 212 Patton and Dieter 1980
LOAEL - All Species Mallard NOAEL * 10 2120 Patton and Dieter 1980
Representative ; Dose (mg/kg-
High Molecilar Weight PAHs : Endpoint Effect Reference
= 8 & Test Species P 1 BW/day) e
g i i ited i 1
= NOAEL - All Species Moikse NOAEL LOAEL/10 1 Mackenzie & Angvine 1981 as cited in Sample
§ (Benzo[a]pyrene) etal. 1996
i LOAEL Fertility and Fetal Body Mackenzie & Angvine 1981 as cited in Sample
LOAEL - All Species Mare (Benzo[a]pyrene) Weights - etal, 1996




TABLE A-5

DIETARY TOXICITY REFRENCE VALUES (TRVs) FOR VERTEBRATE RECEPTORS OF CONCERN

Representative

Dose (mg/kg-

High Molecilar Weight PAHs = Endpoint Effect Reference
" & g Test Species P e BW/day) S
iz . ; NOAEL . Rigdon, R,H. & J. Neal, Texas Rept. Biol.
_i._-: - - . ] >
= NOAEL - All Species Chicken (Becofalpyrend) Fertility & Reproduction 4.84 Med. 21(4):558-566, 1963
. . NOAEL *10 i : Rigdon, R,H. & J. Neal, Texas Rept. Biol.
LOAEL - All Species Chicken s Fertility & Reproduction 434 Med. 21(4):558-566, 1963
Representative Dose (mg/kg-
Pentachlorophenol : Endpoint Effect Reference
= P Test Species # 1 BW/day) e
£ .
£ NOAEL - All Species Rat NOAEL Reproduction and Development 4 Welsh et al. 1987 as cited in ATSDR 1994
o
p= - :
LOAEL - All Species Rat LOAEL - Dec\r;:is;z HerEBEgy 13 Welsh et al. 1987 as cited in ATSDR 1994
Representative . Dose (mg/kg-
Pentachlorophenol . Endpoint Effect Reference
P Test Species + 1 BW/day) 4
w
o
ﬁ NOAEL - All Species Snail Kite LOAEL/10 Survival 1.68 Vermeer et al. 1974 as cited in Eisler 1989
LOAEL - All Species Snail Kite LOAEL Survival 16.8 Vermeer et al. 1974 as cited in Eisler 1989
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TABLE A-6

SUMMARY OF RISK-BASED BULK-SEDIMENT CONCENTRATIONS' FOR INGESTION-PATHWAY EXPOSURE EVALUATIONS

Mallard Kingfisher Beaver Raccoon Mink
Constituent RBCnoaz RBCroar. RBCnoas. RBCroas RBCnoarr RBCroar. RBCnoas. RBCroazn RBCnoarn  RBCproaer
Arsenic 551 806 925 1354 121 139 114 133 237 296
Chromium 152 410 285 770 484587 4845871 249428 2494285 661220 6612195
Copper 399 430 109 117 211 451 97 115 101 131
Lead 39 74 1704 3209 29 65 131 293 3496 7831
Nickel 1338 2232 3010 5019 2479 4132 448 746 720 1200
Low Molecular Weight PAHs 1376 13755 426 4260 893 1685 364 687 205 387
High Molecular Weight PAHs 24.4 244 7.6 7.6 134 134 5.4 53.8 3 30
Pentachlorophenol 0.07 0.68 0.02 0.21 0.45 1.46 0.18 0.57 0.1 0.31

1. Expressed as milligrams/kilogram (mg/kg); the bold values (lowest for each constituent) were selected for ingestion-pathway ecological screening values (EVS).
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Executive Summary

This human health risk assessment (HHRA) document has been developed to support the
Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFT) for International
Paper’s treated wood products plant in Wiggins, Mississippi (Wiggins) facility. The objective of
the baseline HHRA is to quantify human health risks associated with constituents of potential
concern (CoPCs) in the absence of any remedial action (i.e., under the no-action alternative).
This HHRA is a supplement to the Wiggins RFI, and relies on data collected during that
investigation. The assessment was conducted in a manner consistent with U.S. Environmental
Protection Agency (EPA) and Mississippi Department of Environmental Quality (MDEQ)
guidance and with the 2000 RFI work plan (Exponent 2000).

As indicated in the RFI work plan and in the Wiggins RFI, this investigation focuses on soils and
sediments within site boundaries that may have been affected by releases of site-related
chemicals. Groundwater was not included in the RFI because of existing groundwater
monitoring and control measures, implemented as part of a groundwater Corrective Action
Program being conducted under State of Mississippi Hazardous Waste Management Permit No.
HW-980-600-084. Furthermore, the vertical extent of site-related chemicals was delineated and
was limited to vadose-zone soils. The potential for migration from soil to groundwater was
evaluated through comparison of CoPCs with conservative screening values provided by EPA.
This comparison indicated limited potential for migration, in light of the typically low

concentrations or non-detection of CoPCs in deep soils.

Conservative methods were used to select CoPCs to assure that all potentially significant risks
would be evaluated. CoPCs have been identified in surface and subsurface soil and in sediments
within the following areas: Treatment Areas 1 and 2 (both surface soil and subsurface soil);
Church House Branch sediments; and Site Drainage Ditch Sediments. The HHRA focused on
current and hypothetical future conditions that assumed ongoing industrial use of this facility as a
work place. In addition, a hypothetical trespasser scenario was evaluated to assess potential risks

associated with contact with sediments although the potential for this scenario is considered to be
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low given access constraints associated with the ditch and Church House Branch. Inhalation was
not considered a significant pathway, based on comparison with conservative preliminary

remedial goals derived by EPA. The following exposure pathways were evaluated:

* Surface soil: Incidental ingestion, and dermal contact with CoPCs by long-term workers

e Sediment: Incidental ingestion and dermal contact with CoPCs by hypothetical

trespassers who might gain access to site drainage ditches or to Church House Branch

* Soil: Incidental ingestion and dermal contact with CoPCs in soil from 0-17 feet below

ground surface (bgs) (i.e., surface to subsurface soil) by construction workers.

The assumptions used to characterize these scenarios are hypothetical. Site entry by trespassers is
highly unlikely, given the degree of site security, and the potential for access to offsite areas
within Church House Branch is also limited. In addition to consideration of hypothetical
exposure pathways, conservative assumptions regarding exposure and toxicity were used to
calculate potential risk estimates. Actual contact with site surface soils is likely to be lower than
the conservative assumptions applied here, (e.g. an assumed 250 day/year 25 year exposure
period for long-term workers). Exposure assumptions and toxicity values used in this HHRA

reflect the inherently conservative nature of risk assessments conducted for regulatory purposes.

Potential risk estimates for carcinogens were compared to the range of excess target risk levels
(1x107° to 1x1 0% identified by EPA in the National Contingency Plan, and potential risk
estimates for noncarcinogens were compared with a hazard index of 1. For carcinogens, all
estimated total cancer risks for both reasonable maximum exposure and typical scenarios were

within the 10° to 107 target risk range. Specific results for each scenario were as follows:

Excess Cancer Risk Estimates:

¢ Long-term workers’ contact with surface soils in Treatment Areas 1 and 2. The
current and future long-term worker in Treatment Areas 1 and 2 had the highest

cumulative risk estimates of 8x10™ and 6x107, respectively, due primarily to
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pentachlorophenol and arsenic in surface soil in Treatment Area 1 and due to polycyclic

aromatic hydrocarbons (PAHs) in surface soil in Treatment Area 2.

e Construction workers’ contact with soil from 0-17 feet bgs. Risk estimates were well
within the acceptable risk range identified by EPA. All estimates for construction worker
exposure to soil from 0-17 feet bgs in Treatment Area 1 were less than the 1x10° risk
level identified as the lower end of the acceptable risk range. The cumulative cancer risk
estimate for construction worker exposure to soil from 0-17 feet bgs in Treatment Area 2

of 2x107 just slightly exceeded the lower end of the acceptable risk range.

e Trespassers’ contact with sediments. Similarly, cancer risk estimates for trespassers

were also well within the acceptable risk level identified by EPA.

Hazard Indices:

e No current or future exposure scenarios had hazard indices greater than one for any
receptor. This finding suggests that no adverse effects would be expected under the

exposure scenarios evaluated.

Given the conservative methods used to assess risks, the finding of no cancer risk estimates
greater than the 1x10™* risk level identified by EPA as the upper end of the acceptable risk range
suggests that cancer risks are within acceptable levels. In addition, the finding of no hazard

indices greater than 1 also suggests that no other adverse effects would be expected.
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1 Introduction

This HHRA document has been developed to support the RFI for International Paper’s Wiggins
facility. The objective of the baseline HHRA is to quantify human health risks associated with
CoPCs in the absence of any remedial action (i.e., under the no-action alternative). This HHRA
is a supplement to the Wiggins RFI Report and relies on data collected during that investigation.
The assessment was conducted in a manner consistent with EPA and MDEQ guidance and with
the 2000 RFI Work Plan (Exponent 2000). An ecological risk assessment has also been prepared

under separate cover (Appendix G).

The objectives of the Wiggins RFI are to investigate the potential releases of site-related
chemicals, characterize the nature and extent of those releases, and identify actual or potential
receptors. As indicated in the RFI Work Plan and in the Wiggins RFI Report, this investigation
focuses on soils and sediments within site boundaries that may have been affected by releases of
site-related chemicals. Pursuant to the approved RFI Work Plan, groundwater is not included
because of existing groundwater monitoring and control measures, implemented as part of a
groundwater corrective action program (CAP) being conducted under State of Mississippi
Hazardous Waste Management Permit No. HW-980-600-084. Thus, this HHRA evaluates only

soil and sediments collected during the RFI from the following site areas:

¢ Vehicle/Equipment Maintenance Area (SWMUs 16 through 19)
e Old Peeler Area (SWMU 20)

¢ Treatment Area No. 1 (SWMUs 21 through 25, 38, and 39)

o Treaﬁnent Area No. 2 (SWMUs 26 through 29, 32, and 33)

¢ Treated Wood Storage Areas (Area of Concern A)

* Church House Branch (Area of Concern B)

* Site Drainage Ditches (SWMU 37).
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The HHRA also draws on information presented in the Wiggins RFI Report regarding site
background, hydrology, climate, and demographics. In addition, the Wiggins RFI Work Plan
presented the conceptual model for the site (Exponent 2000). This section provides a brief site
description and a listing of applicable guidance documents, followed by a description of the

organization of this appendix and attachments.

1.1 Site Description

The Wiggins facility is located in Stone County, Mississippi, approximately two miles south of
the town of Wiggins, just east of U.S. Highway 49, in Section 31, Township 2 South,

Range 11 West, at latitude 30° 51’ 590" and longitude 89° 10" 540". The facility, which is
located on 125 acres, has been operating at this location since December 1969. Operations
currently conducted at the Wiggins facility involve treating utility poles, pilings, and structural
timbers with pentachlorophenol (PCP) and chromated copper arsenate (CCA). Wood-treating
operations are conducted in two parallel treatment areas located in the northwestern portion of
the facility (Figure H-1). PCP and CCA wood-treating operations are conducted in Treatment
Area No. 1, and PCP wood-treating operations are conducted in Treatment Area No. 2. Historical
wood-treating operations conducted at Treatment Area No. 2 also used creosote.
Vehicle/equipment maintenance activities and pole-peeling activities are conducted in the
southern portion of the facility (Figure H-1). Wiggins facility operations currently take place on
approximately 85 acres of the site (Figure H-1).

The site is secure, and is guarded 24 hours a day, 7 days a week. It is also located in a relatively
unpopulated rural area. Therefore, access to the site by individuals other than employees and
their visitors is very limited. At the topographic low point of the site located near Well WC-5 "
site groundwater is located approximately 15 ft bgs as measured in September 2002.
Groundwater beneath the main treatment area is located approximately 60 ft bgs as measured in
Well WC-33 in September 2002. Shallow groundwater in the affected (Citronelle) formation is
currently being treated and is not used as a drinking water supply; such use is not expected in the
future. The deeper (Pascagoula) aquifer is used as a drinking water supply in the site vicinity.

However, groundwater monitoring activities have demonstrated that this aquifer has not been
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affected by site-related chemicals. Furthermore, the uppermost member of the Pascagoula is
characterized as a clayey silt that is has been observed and interpreted to be 13 to 67.5 ft or
greater in thickness and is thought to represent a relatively homogeneous, laterally continuous
aquitard. Additional details regarding regional and site hydrogeology are provided in the RFI
report. Given these hydrogeologic considerations and the current groundwater treatment,
exposure via ingestion or direct contact with groundwater is unlikely and is not considered as

part of this RFL

The site has two surface water features: 1) site drainage ditches; and 2) Church House Branch,
which begins on the property and extends beyond the site boundary. The site drainage ditches
(SWMU 37) consist of approximately 6,800 linear ft of drainage ditches that direct storm water
away from the facility. Church House Branch (Area of Concern [AOC] B) is located on the
eastern portion of the facility and does not have water flow over the entire year. Church House

Branch is also highly overgrown and difficult to access.

1.2 Applicable Guidance

' The risk assessment was conducted in accordance with current MDEQ and EPA guidance,

including, but not limited to, the following documents:

* Risk Assessment Guidance for Superfund [RAGS]: Volume 1—Human Health
Evaluation Manual (Parts A and D) (U.S. EPA 1989, 1991, 1998, 1999a,b)

e Region 4 Human Health Risk Assessment Bulletins—Supplement to RAGS (U.S. EPA

2000) (http://www.epa.gov/region04/waste/oftecser/healtbul.htm)

EPA Region 9 Preliminary Remediation Goals (PRG) table (U.S. EPA 2002a)

® Risk Assessment Guidance for Superfund—Supplemental Guidance: Dermal Risk
Assessment—Interim Guidance (Final Draft) (U.S. EPA 1999a)

e Supplemental Guidance to RAGS: Calculating the Concentration Term (U.S. EPA 1992)

o FExposure Factors Handbook (U.S. EPA 1997a)
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» Guidance for Data Usability in Risk Assessment (U.S. EPA 1990a).

1.3 Organization

Site background information and applicable guidance documents were summarized in
Sections 1.1 and 1.2. Sections 2 through 6 describe the results of the four steps recommended in

EPA guidance for risk assessment:

e Data evaluation and identification of CoPCs

e Exposure assessment

Toxicity assessment

Risk characterization.

An uncertainty assessment is included in the risk characterization to place potential risks in
context. The uncertainty assessment discusses HHRA assumptions that may lead to over- or
underestimates of potential site risks. The following supporting information is provided in

attachments to the HHRA :

Attachment H1, Data Analysis, serves as the basis for selecting CoPCs by summarizing all data
reviewed in the HHRA and comparing media concentrations with risk-based concentrations.
Specifically, the risk-based concentrations used here are the EPA Region 9 preliminary
remediation goals (PRGs). This attachment also shows background concentrations identified for
inorganic compounds at the Wiggins facility (as described in Premier [2001]) and presents

exposure point concentrations used in the HHRA.

o Attachment H2, Region 9 Tables of Screening Values, provides tables of EPA-derived
PRGs used in the selection of CoPCs (U.S. EPA 2002a) (as requested by EPA Region 4).

Attachment H3, Risk Characterization Tables, presents results of the risk calculations,
including exposure point concentrations, chronic daily intake (CDI) estimates, and risk estimates

for each potentially complete exposure pathway.
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2 Data Analysis and Identification of Chemicals of Potential

Concern

The HHRA uses a conservative screening process to select CoPCs to ensure that any substances
that could be of concern are fully evaluated. All available chemical concentration data were

reviewed to identify CoPCs in the following media:

e Surface soil
e Subsurface soil

e Sediments

The data screened are those described in the Wiggins RFI (Premier 2001). Table H-1 shows the
CoPCs identified for the various media. This section describes the process of screening site data
to identify CoPCs. Tables H1-1 through H1-10 provide a summary of Wiggins facility data.
These tables present the occurrence, distribution, and selection of CoPCs and provide the

following information as specified in U.S. EPA (1998):

e Chemicals detected and undetected in each medium.
* Frequency of detection of chemicals in each medium.
* Range of detected concentrations for each chemical in each medium.

* Background screening values for metals identified for the Wiggins facility (Premier
2001). Additional background values are shown for organic compounds, but, consistent
with guidance from EPA Region 4, only inorganic compounds were screened based on

background data.

* Screening concentrations (i.e., PRGs), when available, for exposure to residential soil and

for migration from soil to groundwater.
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Tables H1-11 through H1-16 present exposure point concentrations calculated for each CoPC in
each exposure medium and additional supporting documentation consistent with EPA guidance
(U.S. EPA 1998). Figures in Premier (2001) show sample locations for data used in the HHRA.
The following sections describe how Wiggins facility data were used to identify CoPCs.

Analytical results from Wiggins facility media were initially reviewed to determine a list of
substances that may be of concern for human health. The methods used to select CoPCs were
intended to ensure that no chemicals detected at levels of potential health concern would be
excluded. Concentrations of chemicals in all media were compared with conservative PRGs
derived by EPA Region 9, consistent with guidance from EPA Region 4. The EPA PRGs
correspond to either a 1x10°° excess cancer risk (for carcinogens) or a hazard quotient of 0.1 (for
noncarcinogens), whichever is more stringent (U.S. EPA 2002a). Attachment H2 includes a copy
of the EPA Region 9 PRGs used in screening CoPCs. Polycyclic aromatic hydrocarbons (PAHs)
for which Region 9 has not developed PRGs were screened using the lower of either
Massachusetts or the Mississippi Cleanup Standards for hydrocarbon contaminated soil

(Simmons 2001).

Data on site-specific background concentrations of inorganic chemicals were also used in the
screening process. As indicated in the RFI Work Plan (Exponent 2000), soil samples were
collected from seven locations around the perimeter of the facility to establish background
concentrations of CoPCs. These areas were agreed upon with EPA prior to sampling. The
locations were within the property boundary and were subject to influences similar to those
present at the facility and adjacent to the area (i.e., highway traffic, trash burning, and wood

burning), but exclusive of those attributed to operations at the facility (i.e., wood treatment).

Consistent with guidance from EPA Region 4, for inorganic chemicals, the maximum site
concentration was compared with two times the mean background concentration. Comparison of
site concentrations with samples collected from background locations at the site suggests that site
concentrations for some inorganic chemicals are within concentrations typically identified in

background soils. However, arsenic and chromium did exceed background in soils at Treatment
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Areas 1 and 2. Chemicals identified as CoPCs had maximum concentrations greater than both

the PRG and the background concentration.

Data for surface soil, subsurface soil, and sediments were compared with EPA-derived PRGs for
residential soil as a conservative means of evaluating direct contact with these media. Use of the
PRGs derived for residential soil to screen for CoPCs in these media is highly conservative,
because these values are based on daily contact with soil in a residential scenario, whereas
exposures to soil/sediments would be restricted to occasional contact during trespassing
activities, during working hours, or during short duration construction activities. Such exposures
to soil and sediment would be expected to be much less frequent (i.¢., at least on order of

magnitude) than exposures that a child might receive at a residence.

Surface and subsurface soil data were screened against the EPA Region 9 PRGs for residential
soil that integrate exposure to soil through three potential exposure routes: ingestion, inhalation
of dust particles or vapors, and dermal contact. In addition, in order to evaluate whether the
inhalation pathway should be quantitatively evaluated in the risk assessment, the soil data were
screened with EPA PRGs based solely on inhalation of vapors or particulates from soil. For
surface soils, the inhalation PRGs applied were those for residential soils, whereas for subsurface
soils, the inhalation PRGs applied were those for industrial soils, because of the low likelihood
that soil at depth would become airborne (except for construction workers). No chemical
concentrations exceeded the inhalation PRGs and therefore the inhalation pathway was not

quantified for soils (See Tables H1-1, H1-2, H1-4, H1-5, H1-7, and H1-8).

Consistent with guidance contained in U.S. EPA (1989), data were also evaluated in light of the

following considerations:

* Although EPA indicates that chemicals can be excluded based on frequency of detection,
no chemicals detected had a low detection frequency and thus none were excluded on this

basis.

¢ [f common laboratory chemicals (e.g., acetone, methylene chloride, toluene, phthalate

esters) are found at less than 10 times the maximum concentration detected in any blank,
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or if other chemicals are found at less than 5 times the maximum concentration detected
in any blank, these chemicals can be eliminated. No chemicals were excluded on this

basis.

2.1 Soil

The soil data were considered in three groups: surface soils from surface to 1.5 fi, subsurface
soils from 5 to 17 ft, and deep soils from 20 to 40 ft. The deep soils were evaluated based only
on the potential for migration to groundwater, while other soil data were evaluated based on

direct contact pathways.

No chemicals of concern were identified in the following areas:

e Vehicle/Equipment Maintenance Area (SWMUSs 16 through 19)

e Treated Wood Storage Areas (AOC A)

The results of the screening of site data for the remaining areas are as follows:

® Treatment Area No. 1 (SWMUs 21 through 25, 38, and 39)—Six samples were
evaluated for surface soils. Arsenic, 2-methylnapthalene, and PCP were present at
concentrations that exceeded the respective PRGs. Fifteen samples were evaluated for

subsurface soils, with arsenic, chromium, and PCP exceeding PRGs.

e Treatment Area No. 2 (SWMUs 26 through 29, 32, and 33)—In three surface soil
samples, five PAH compounds exceeded screening criteria. Arsenic was above the
Region 9 PRG, but below background. Thirteen samples were evaluated for subsurface
soils, with arsenic, chromium, benzene, PCP, and 9 PAH compounds exceeding the

PRGs.

It should be noted that the screening process for soil revealed the fact that several samples had
elevated detection limits as the result of dilutions conducted to allow for the accurate

quantification of chemicals present at elevated concentrations (e.g., non-PHC as diesel and
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pentachlorophenol at GP-14 (0-1.5 feet). These elevated detection limits at times exceeded the
screening criteria (i.e., the Region 9 risk-based PRGs). Table H1-17 and H1-18 summarize the

samples in Treatment Area 1 and Treatment Area 2, respectively, where this situation occurred.

One method of dealing with this issue is to incorporate the data in the risk evaluations by
assuming the detection limit as the representative concentration for the non-detect data. This
approach, however, would result in artificially inflated risk estimates specifically for Treatment
Area No. 1, since with the exception of indeno(1,2,3-cd-pyrene), the chemicals affected by this
situation were non-detect at successively lower detection limits. Therefore, pursuant 7o Risk
Assessment Guidance for Superfiund (RAGS) Part A (U.S. EPA, 1989), the issue of elevated
detection limits that exceed the screening criteria will be qualitatively addressed in the risk

characterization and uncertainty section of this report.

2.2 Sediments

Concentrations of chemicals in sediments in the Church House Branch and in the site drainage
ditches were also compared with PRGs for residential soil. The findings of this comparison are

as follows:

® Church House Branch (AOC B)—Six sediment samples were evaluated. Arsenic and

one PAH compound exceeded PRGs.

 Site Drainage Ditches (SWMU 37)—Twenty sediment samples were evaluated and

arsenic, chromium, and six PAH compounds exceeded PRGs.

The screening process for sediments also identified a few samples where the detection
limits, diluted to allow for the quantification of chemicals present at elevated
concentrations, exceeded corresponding risk-based PRGs. These samples are summarized
in Table H1-19, and will also be discussed qualitatively in the uncertainty section of this

report.
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2.3 Migration Pathways

In addition to evaluation of site data for direct contact pathways (i.e., ingestion and dermal
contact), two migration pathways were considered in the screening of site soil data: migration
from soil to outdoor air for shallow soil and migration from soil to groundwater for deep soil. As
described above, soil concentrations were compared with PRGs for soil derived by EPA, based
on inhalation of particulates or volatiles from soil. Consistent with EPA Region 4 guidance,
screening values provided by Region 9 were used. For screening surface soils, EPA Region 9
PRGs for residential soils were applied, while subsurface soils were evaluated based on
comparison with industrial soils. As indicated previously, because no soil concentrations

exceeded the Region 9 PRGs for inhalation, the inhalation pathway was not quantified here.

For evaluating migration to groundwater, the EPA Region 9 soil screening levels (SSLs) for the
migration to ground water were compared to site concentrations. The EPA Region 9
documentation indicates that these levels were derived to identify chemical concentrations in soil
that have the potential to contaminate ground water under certain conditions. Migration of

chemicals from soil to groundwater can be understood as a two-stage process:

1. Release of chemical to soil leachate

2. Transport of the chemical through the underlying soil and aquifer to a receptor.

The SSL methodology considers both of these fate and transport mechanisms and was developed
using very conservative assumptions regarding the propensity of a chemical to migrate from soil
to groundwater. EPA derived SSLs using two conditions. First, a dilution-attenuation factor
(DAF) of 20 (considered as the default value in the Soil Screening Guidance) was used to
account for processes that reduce contaminant concentrations in the subsurface soil. Second,
EPA derived a SSL applying a DAF of 1, assuming no dilution or attenuation between the source
and the receptor well. The SSLs developed under a DAF value of 1 are most appropriate for use
at sites where little or no attenuation is expected, e.g., sites with shallow water tables, fractured

media, etc.
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At the Wiggins facility, the sﬁbsurface soil samples were taken between 5 and 17 ft, and the deep
subsurface soil was sampled between 20 and 40 ft and no soil samples were in direct proximity
to groundwater. Thus, the SSLs with DAF of 1 are not applicable. Therefore, SSLs with DAF of
20 were selected for a preliminary evaluation of the potential for migration to groundwater. In
Treatment Area 1 subsurface soils, chromium and PCP were above the SSLs. In the deep
subsurface soils only PCP exceeded its SSL. In Treatment Area 2 subsurface soils benzene, PCP,
and three PAH compounds were above the SSL and in the deep subsurface soils only PCP
exceeded its SSL. PCP was the only compound to exceed the SSL at the Vehicle Maintenance
area. No chemicals detected in subsurface soil exceeded SSLs at the Treated Wood Storage Area.
A comparison of the SSLs and the maximum detected value for those chemicals is provided in

Table H-2.

The findings of a limited number of samples exceeding the conservative SSLs suggests that there

is little potential for migration to groundwater.
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3 Exposure Assessment

Exposure assessment is the process of identifying human populations that could potentially
contact site-related chemicals and estimating the magnitude, frequency, duration, and route(s) of
potential exposures. In the HHRA, potential Wiggins facility risks were evaluated in hypothetical
current and future workplace scenarios, and in a future trespasser exposure scenario. In addition,
potential exposure to soil from 0-17 feet bgs was considered for a construction worker. A
residential population was not considered here, given the nature of the area (i.e., current active
industrial use), which makes future residential development unlikely. This section describes how
these scenarios were selected as a conservative means of estimating current and hypothetical
future exposures and potential risks. First, the exposure setting was characterized, and potentially
exposed populations were identified (i.e., trespassers and workers). Next, potential exposure
pathways were identified, and the methods and assumptions for quantifying exposure were
presented. It should be noted that some of the pathways considered are highly unlikely (e.g.,
trespassing on the site or near the Church House Branch), but were considered here for risk

assessment purposes.

3.1 Exposure Setting, Receptor Populations, and Pathways

Given the active industrial use of the Wiggins facility, the site characteristics, current use, and
zoning regarding future use, the most likely potential human receptors are onsite workers.
Trespassers or workers may also have some limited potential to contact sediments within the
Church House Branch or site drainage ditches. Although offsite residents could potentially inhale
fugitive dust generated from the site media, screening of site data with PRGs derived to evaluate
the inhalation pathway indicated this pathway was not of concern for onsite receptors, and thus

airborne exposure would not be expected to be of concern for offsite locations.

The current potential for exposure to CoPCs in soils or sediments is low, because the facility is in

active use for the treatment of wood, which typically does not involve workers digging in or
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contacting subsurface soil or sediments. The site is also completely fenced and guarded 24 hours
per day. Thus, the potential for non-employees to contact CoPCs in site media is quite low or
nonexistent. However, the following section identifies the hypothetical pathways evaluated in

this assessment for the purposes of determining the need for mitigation of CoPCs in site media.

An exposure pathway is the course a chemical takes from a source to an exposed receptor.
Exposure pathways consist of the following four elements: 1) a source; 2) a mechanism of
release, retention, or transport of a chemical in a given medium (e.g., air, water, soil); 3) a point
of human contact with the medium (i.e., exposure point); and 4) a route of exposure at the point
of contact (e.g., incidental ingestion, dermal contact). If any of these elements is missing, the
pathway is considered incomplete (i.e., it does not present a means of exposure). Only those

exposure pathways judged to be potentially complete are quantified in the HHRA.

This section describes the following hypothetical exposure pathways evaluated in this HHRA:

e Surface soil: Incidental ingestion and dermal contact with CoPCs by long-term workers

* Sediment: Incidental ingestion and dermal contact with CoPCs by hypothetical

trespassers who might gain access to site drainage ditches or to Church House Branch

e Soil: Incidental ingestion and dermal contact with CoPCs in soil from 0-17 feet bgs (i.e.,

surface to subsurface soil) by construction workers.

Table H-3 summarizes the exposure pathways evaluated in the HHRA and is consistent with

Table 1 of U.S. EPA (1998).
3.1.1 Current and Future Workers

Current and future long-term onsite worker scenarios were evaluated for surface soils, in which
workers are frequently exposed to surface soil via ingestion and dermal contact. Conservative
assumptions were used regarding workers’ contact with soils. Risks associated with exposure to
CoPCs in soil from 0-17 feet bgs (surface to subsurface soil) were evaluated through a current
and future construction worker scenario, in which workers contact CoPCs in soil through

incidental ingestion and dermal contact.
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Pursuant to the approved RFI Work Plan, groundwater was not included in the RFI because of
existing groundwater monitoring and control measures implemented as part of a Groundwater
Corrective Action Program being conducted under State of Mississippi Hazardous Waste
Management Permit No. HW-980-600-084. The vertical extent of site-related chemicals was
delineated in the RFI and was determined to be limited to vadose-zone soils. The potential for
migration from soil to groundwater was evaluated in Section 2 through comparison of CoPCs
with conservative screening values provided by EPA. This comparison indicated limited
potential for migration in light of the low concentrations or non-detection of CoPCs in deep soil
as well as depth to groundwater (approximately 60 feet below ground surface in the treatment
areas). Site groundwater is not used as a source of drinking water supply and there is no potential
for groundwater to discharge to surface water. Based on this information, there are no potential
exposure points associated with groundwater, and therefore, there are no complete groundwater
exposure pathways. Furthermore, groundwater remediation is currently underway. For these
reasons, in agreement with EPA, the RFI and this risk assessment have not evaluated

groundwater.
3.1.2 Trespassers

Although any trespassing is unlikely to occur given the site security and the location remote from
population centers, the most likely receptor within the undeveloped area would be a trespasser
who might gain access. Under this hypothetical scenario, ingestion of or dermal contact with
sediments is possible. However, exposure would be infrequent in Church House Branch and the
site drainage ditches due to difficult access, with even less potential for contact in onsite areas
than in offsite areas of the Church House Branch. The most likely human populations to trespass
in and around the undeveloped area are adults and older children (i.e., 9-18 years old). Younger

children would not be expected to visit these areas, given the limited access.

3.2 Quantification of Exposure

In this section, CoPC intakes for chronic exposures are estimated for the exposure pathways

identified in the previous section. CoPC intakes are based on estimates of exposure
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concentrations at the exposure point (i.e., exposure point concentrations) and on the estimated
magnitude of exposure to CoPC-containing media. Exposure estimates for chronic-dose intakes
(CDIs) are defined as the mass of a CoPC taken into the body, per unit of body weight, per unit

of time. For dermal contact, exposures are expressed as absorbed dose rather than administered

dose.

The averaging time used to determine a CDI depends on the type of toxic effect being assessed.
For carcinogenic effects, CDIs are calculated by averaging the total cumulative dose over a
lifetime. The average lifespan is assumed to be 70 years, based on EPA guidance (U.S. EPA
1991)." For assessing noncancer effects, CDIs are calculated by averaging intakes only over the
period of exposure. The distinction between these two approaches is based on EPA’s currently
held opinion that the toxicological mechanisms of action are different for carcinogenic and

noncarcinogenic processes (U.S. EPA 1989).

Intakes of CoPCs were estimated using algorithms and assumptions consistent with EPA
guidance (e.g., U.S. EPA 1989, 1997a) for the potential exposure pathways described above.
Both reasonable maximum exposure (RME) and typical estimates were calculated. EPA
describes RME as the highest exposure that is reasonably expected to occur at a site

(U.S. EPA 1989). EPA, in the Final Guidelines for Exposure Assessment, defines typical

exposure as follows:

The average [exposure or dose] estimate, used to describe the arithmetic mean,
can be approximated by using average values for all the factors making up the

exposure or dose equation (57 Fed. Reg. 104: 22888).

' EPA’s most recent edition of the Exposure Factors Handbook (U.S. EPA 1997a) recommends use of
75 years for the average value for life expectancy; however, the original 70-year value is used in this risk
assessment for consistency among risk assessments, and because some of the carcinogenic slope factors and unit
risks (see Section 5) are derived based on a 70-year lifetime, and the difference (error) between the two values is

low.
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dose.

The averaging time used to determine a CDI depends on the type of toxic effect being assessed.
For carcinogenic effects, CDIs are calculated by averaging the total cumulative dose over a
lifetime. The average lifespan is assumed to be 70 years, based on EPA guidance (U.S. EPA
1991)." For assessing noncancer effects, CDIs are calculated by averaging intakes only over the
period of exposure. The distinction between these two approaches is based on EPA’s currently
held opinion that the toxicological mechanisms of action are different for carcinogenic and

noncarcinogenic processes (U.S. EPA 1989).

Intakes of CoPCs were estimated using algorithms and assumptions consistent with EPA
guidance (e.g., U.S. EPA 1989, 1997a) for the potential exposure pathways described above.
Both reasonable maximum exposure (RME) and typical estimates were calculated. EPA
describes RME as the highest exposure that is reasonably expected to occur at a site

(U.S. EPA 1989). EPA, in the Final Guidelines for Exposure Assessment, defines typical

exposure as follows:

The average [exposure or dose] estimate, used to describe the arithmetic mean,
can be approximated by using average values for all the factors making up the

exposure or dose equation (57 Fed. Reg. 104 22888).

! EPA’s most recent edition of the Exposure Factors Handbook (U.S. EPA 1997a) recommends use of
75 years for the average value for life expectancy; however, the original 70-year value is used in this risk
assessment for consistency among risk assessments, and because some of the carcinogenic slope factors and unit
risks (see Section 5) are derived based on a 70-year lifetime, and the difference (error) between the two values is

low.
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The following subsection presents the exposure algorithms and assumptions used to calculate
CDIs for each of the exposure pathways listed above, and the methods used to calculate exposure

point concentrations for the RME and typical cases.
3.2.1 Exposure Frequency and Duration and Receptor Characteristics

As described above, the most likely human populations to use the area are workers, although a
hypothetical trespasser scenario is also evaluated. Worker scenarios considering exposure to
surface and subsurface soil were evaluated. The exposure frequency for the long-term worker in
both the RME and typical scenarios was 250 days per year, as identified by EPA (U.S. EPA
1997a). The exposure duration for the worker is 25 years for the RME scenario, as identified by
EPA (U.S. EPA 1991). For the typical scenario, a 6.6-year duration is applied. This provides a
conservative means to evaluate exposure, because 6.6 years was identified as the median amount

of time that workers spend in one occupation (U.S. EPA 1997a).

A construction worker scenario was also evaluated to consider hypothetical current or future
contact with soil from 0-17 feet bgs (i.e., surface and subsurface soils) in the developed and
undeveloped areas. Construction workers were assumed to contact soils for 25 days/year in the
RME, or 10 days/year in the typical scenario, over a 2-year construction period. The worker’s

body weight was assumed to be 70 kg.

A trespasser scenario was considered for evaluation of site sediments assuming the most likely
trespassers could be adults and older children (i.e., 9-18 years old). Younger children would not
be expected to trespass within the area, given the limited access. Trespassing within the onsite
areas is highly unlikely, and any occurrence is expected to be infrequent because of limited
access and surrounding industrial development. The offsite reach of Church House Branch is not

guarded, but is inaccessible due to location and the degree of vegetation.

Given these considerations, for an RME value, this assessment assumed one visit per week for
the three summer months (e.g., when children are out of school) and one visit per month for two

additional months in spring and fall, for a total of 14 visits per year. For the typical scenario, the
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HHRA assumed an average of one visit per month for the months of May through September, or

a total of five visits per year.

Older children are assumed to visit these areas as frequently as adults, but they have a somewhat
higher exposure due to their lower body weight (i.e., 49-kg average for ages 9-18, in comparison
to 70-kg average for adults). For the RME case, the HHRA assumed that adults might trespass
within the area over a period of 30 years, while the typical exposure scenario assumed that both

adults and older children might trespass in these areas over a shorter period of 9 years.
3.2.2 Incidental Ingestion of Soils and Sediments

People working or trespassing within the Wiggins facility areas may ingest soils or sediment as a
result of direct contact with the hands, followed by hand-to-mouth activity (either inadvertent or
associated with eating or smoking). Tables H-4 and H-5 provide exposure assumptions for
long-term and construction workers’ exposure to soil and Tables H-6 and H-7 provide exposure

assumptions for trespassers’ exposure to sediments.

Incidental ingestion of soil and sediment was evaluated using EPA guidance for risk assessment
regarding soil ingestion. U.S. EPA (1997a) does not provide an upper-bound value for adults and
older children. However, U.S. EPA (1991) has identified 100 mg/day as an upper-bound intake
rate for adults. Therefore, this value was used as the intake rate for older children and adults in
the RME trespasser scenario; and for the adult worker in the RME constrﬂction scenario. For the
RME long-term worker scenarios, the assumption is made that half of this intake occurs at work,
resulting in an RME intake for workers of 50 mg/day (U.S. EPA 1991). Consistent with EPA
guidance, the mean value for adults of 50 mg/day was used in the typical trespasser scenario for

adults and older children, and in the typical scenario for workers (U.S. EPA 1997a).
3.2.3 Dermal Contact with Soils and Sediments

Dermal exposure was expressed as an absorbed dose by incorporating a chemical-specific dermal
absorption factor into the exposure equation. Dermal absorption factors reflect the desorption of

the chemical from soil and the absorption of the chemical across the skin and into the
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bloodstream (U.S. EPA 1997a). Dermal absorption factors used in the HHRA are reported in
Tables H-4 through H-7.

Surface area reflects the amount of skin exposed to a chemical in the exposure scenario. For an
adult contact with outdoor soil exposure, U.S. EPA (1997a) recommends using 5,000 cm? as a
central-tendency estimate and 5,800 cm? for an upper-bound estimate. These values represent 25
percent of the total body surface area for adults and were used in the estimates for adult
trespassers. Further, EPA recommends deriving similar estimates for children by multiplying the
50th and 95th percentile total body surface areas from Tables 6-6 and 6-7 of the Exposure
Factors Handbook (U.S. EPA 1997a) by 0.25 for the ages of interest. Thus, the HHRA assumed
that 25 percent of the receptor’s total body surface area potentially contacts CoPCs in
undeveloped-area surface soils and sediments. This resulted in upper-bound and typical surface

area estimates of 4,400 cm” and 3,600 cmz, respectively, for children aged 9—18 years.

For workers, the RME value for adult workers of 3,300 cm® was applied, based on the average of
the 50th percentile of surface area of men and women over age 18, as shown in Tables 6-2 and
6-3 of U.S. EPA (1997a) and as recommended in U.S. EPA (1999a). Consistent with guidance in
U.S. EPA (1999a), this value was also conservatively applied in the typical case.

The soil-to-skin adherence factor refers to the amount of soil that remains deposited on the skin
after contact. Adherence factors vary by soil type (e.g., moisture content, particle size), by the
body part contacting the soil, and by the activity being conducted while in contact with the soil.
Adherence values were identified in the EPA’s latest dermal guidance (U.S. EPA 1999a) and
were applied in this assessment. The values selected are consistent with those identified by EPA
Region 9 and used in their screening values (U.S. EPA 2002a). RME and typical adherence
factors for adult trespassers were both assumed to be 0.07 mg/cm?. For older children, RME and
typical adherence factors of 0.2 mg/cm® were assumed, based on data for children playing in wet
soil (U.S. EPA 1999a). For the long-term worker and the construction worker, an adherence
value of 0.2 mg/cm” was applied in both the RME and the typical case, consistent with
recommendations in U.S. EPA (1999a) and as applied in EPA Region 9 screening values (11.8.
EPA 2002a).
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